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ABS TRACT 


Sixty species belonging to thirty-eight genera of spores and 
pollen and seventy-one species of marine dinoflagellates belonging 
to thirty-five genera are figured and described from the lower 
part of the Cretaceous Ashville Formation of central and east-central 
Saskatchewan. The assemblage provides stratigraphic, chronologic 
and broad paleoecological information. 

The microfloral assemblage indicates that the lower Ashville 
Formation is correlative with part of the Joli Fou and Viking 
Formations and the upper shale unit of the lower Colorado Group 
and equivalent strata in western Canada. In the United States 
the Patapsco Formation of Maryland and part of the Fredericksburg 
Group of Oklahoma are correlative. In Europe the upper Gault- 
Cambridge Greensand sequence is partially equivalent. On the basis 
of the assemblage the lower part of the Ashville Formation in the 
two drill-holes studied is late Albian in age. 

Paleoecological interpretations support prior evidence of 
a shallow epicontinental sea and indicate the presence of a sub- 


tropical to temperate vegetation on the neighboring land. 
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CHAPTER ONE - INTRODUCTION 


It has been the object of this study to determine the spore, 
pollen and dinoflagellate content of the lower part of the Ashville 
Formation and from the assemblage to provide information about the 
age, stratigraphic position of the strata and paleoecological condi- 
tions of the area. The lower part of the Ashville Formation is defined 
here as the strata lying below the base of the Fish Scale Zone and 
above the Swan River Group in the study area. 

Acritarchs and most bisaccate pollen have been excluded from 
the study because both are long ranging and thus are of little *strati- 
eraphic value and also because bisaccate pollen is difficult to 


speciate. 


Previous Pertinent Works on Ashville Strata and other Lower Cretaceous 
Strata in North America 

Early stratigraphic reports and lithologic reports of the 
Ashville Formation were made by Tyrrell (1892) and Kirk (1929). The 
Ashville was given little consideration until the late 1940's largely 
because it was marine shale which had no economic significance. 
Since that time paleontologists, biostratigraphers and palynologists 
have become interested in its fossil content. 

Important megafaunal and microfaunal studies have been made 
on equivalent and related strata by McLearn (1937), Wickenden (1945, 
1951), Stelck (1950,1958), Stelck et al. (1956), Mellon and Wall (1956), 


Guliov (1967), and Warren and Stelck (1969). 
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Palynological studies were initiated in western Canada by Rouse 
(1957) with a description of spores from the Upper Cretaceous Oldman 
Formation of Alberta. Since that time other valuable work has been 
published. Pocock (1962,1965) described microflora of the Jurassis- 
Cretaceous boundary of western Canada and also from Lower Cretaceous 
strata of Saskatchewan. Singh (1964) studied the microfloral content 
of the Mannville Group of Alberta and his study was followed by a 
study of microflora from the McMurray Formation by Vagvolgyi (1964). 
Manum and Cookson (1964) studied a lower Upper Cretaceous assemblage 
of microplankton from the Arctic Islands of Canada. Norris (1967) 
continued the work of Singh (1964) upward into the lower part of the 
Colorado Group in Alberta, while Steeves and Wilkins (1967) illustrated 
some spores from the Lower Cretaceous of Saskatchewan. Recently Davey 
(1969) published the first of a two part series on microplankton from 
lower Colorado strata in Saskatchewan. The study of Davey and that of 
Steeves and Wilkins provide the only palynology of the Ashville 
Formation published to date. 

A sedimentation and stratigraphic study of the Lower Cretaceous 
rocks of southeastern Saskatchewan done by Price (1963) also added to 
the geological knowledge of the study area. 

Pertinent Work in the United States 

Significant information on Lower Cretaceous microfloral assemblages 
in the United States include works by Groot and Penny (1960) on Cretaceous 
sediments of Maryland and Delaware and studies by Groot et alee 61) 
on the Raritan, Tuscaloosa and Magothy Formations. These studies were 


followed by the excellent detailed study of Brenner (1963) on microflora 
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of the Potomac Group of Maryland and Delaware (1967) and subsequently 
Tasch et al. (1964) published an assemblage of microplankton from 
the Albian Kiowa Shale of Kansas. More recently a study of the 
Fredericksburg Group of Oklahoma has been published by Hedlund and 
Norris (1968). 
Location of Samples 

Cored intervals from the lower parts of the Ashville Formation 
were sampled from two drill-holes. Alwinsal Sarcee (Lsd.4, Sec.28, 
Twp.33, Rge.23, W. 2nd Mer.) is about sixty-five miles southeast of 
Saskatoon; the other well, Southwest Potash Bredenbury (Lsd.11l, Sec. 36, 
Twp.22, Rge.1, W. 2nd Mer.), is about twenty-five miles southeast of 
Yorkton. The location of the drill-holes is shown on figure l. 
Sixty-three samples were studied; their positions are shown on figures 
6-9. Lithologic "tops" used have all been determined by Dr. G.D. 
Williams. 
Classifications and Terminology 

Morphological classifications have been used for the spores and 
pollen as well as the microplankton because it is difficult to assign 
species to higher taxa when dealing with microflora this ancient. 
For spores and pollen the morphological classification revised by 
Dettmann (1963) from Potonié and Kremp (1954) is used. Dinoflagellates 
are classified according to the morphological system of Sarjeant and 
Downie (1966). 

Polospore terminology follows Kremp (1965) and in part Singh 
(1964) and for the dinoflagellates the terminology is that of Davey 


et al. (1966) and Evitt (1961b,1967a). 





“i Sraupa aia boe (Yael) siowalod bun bousl yeh Ae quers 3 aire oft te 
geet nonin fqnaaie Zo sgalidimovan oe pay lad Dele (Mg) ) se 19 dowel a 
) 
wit Io vbutae elinaoer os0M .4n40en Soar aie Swoke ietdin ofa 
bie howl boli vil Sai ak dire naag cod seen ty 20° qyene gocaiobtabogt 
. (EaPE) alv20# ; 
| | , ap Sev ek ere aa a 
ndidéeel alfivdat ot lo atten vowol odd wosd efierietebi tne 
sBS.008 , ‘a3 } seated Jnthivid .i4+fod. fish awd amet bdiegine s7ow 
20) 2UnOr? : ‘Slim avi -¥INE Inada st C. gal fin® ow et age Lh. que 
WE .o0€ ,1f. bed) wrudnsbetd deseo lhowihinod ~siow gonwa OF -wosneeal ; 
1m fegadtpos ug ls t?-Vinaws chuot t .(. 49M has .W .f. one So ee 
it Suge co. avworia at 44To tue 433 Im wokssoco] sift ae 
Soviet ny aware ess anolitaoy shots (colheys. avaw asia’ SONS evo 
MD <td bontier9I9b naa Lis evelepssiet aged” atge teen 
. ane EL DE 
AAlonkose brie. 2no$235 3am 


Bas eatoqe ond tol Saawv read os afoliootildtalo Caeotmolomnhisom . : 
A - . 


Goteeond Dliotw2ts at 3) sauasad nowa lgototin off as Liow ae rig Boy 


edmeions alti sxolicintn ditw piileab gol peed todpid og asltoage 


“0 O96ivS? cOtinotitessis Lestgoke 


yon 43 soliog bre. aagoqge ot 
aeiniinguliont boxe 3k eet) york on BEnoiGs. Got? (Les) oneself 


, ae\paniamaaia 20 moraqs ieokee forlgroa aft 03 yee ied 








dew uotjes0 7 °T eAnNH Ty 


snysnBay “s4'p 

OGsDA JOUOIDUIBjUY“¢ 
Aanquape.g 

YSDJOg Js@MUINOS *Z 

@92I0G jOSUIMIY ‘| 





SNOILVDO1 3IOH-11149d 








—=t 
“ 
9 
wK 
~< 
~ 
=) 
9 
—Y 





UOPHO, 
SC) {@ 


UOOJOASOS 





Yo 
MBY IW 5 









velNvyL eee 
TSH LV AS VS 
ho 


NV 
ASWS 
ee 
Vv 


aman 0 © 
eRe 
V1l9397 


NVM3HD1V 
© aum=e ¢¢ 


D2SOqoYIy ayo] 






| jasahaetinaras i 


cee oo oe * Tt bearer ee 


ea | 








=~] 


sea (Oiseood - .L age ee 


CHAPTER TWO - STRATIGRAPHY 


Position and Location 

Stratigraphically the Ashville Formation lies above the Lower 
Cretaceous Swan River Group and below the calcareous shales of the 
Upper Cretaceous Favel Formation. The name Ashville is generally 
applied where the Viking Formation cannot be recognized lithologically, 
although both the Viking and the Fish Scale Zone can be traced on 
electric and radioactive logs into southwestern Manitoba where 
approximately half the Ashville beds lie below the Fish Scale Zone 
(Rudkin 1964, p. 165). Regional dip of the strata is mostly west or 
southwest at a rate of 6 to 10 feet a mile (Wickenden 1945, p. 54). 
Type Section 

The name Ashville was suggested by S.R. Kirk (1929, p. 117B) 
for beds exposed on Wilson River near the village of Ashville in 
Township 23, Ranges 20 and 21, West of the Principal Meridian, Manitoba 
(Wickenden 1945, p. 17). According to Wickenden these beds have proven 
to be a mappable unit and thus properly represent a formation. 

Nowhere is a complete section of Ashville exposed, but along 
Wilson River the top and bottom are exposed. According to Wickenden 
(1945, p. 18) the difference in elevation between the top and bottom 
of the formation is about 154 feet but the outcrops used to determine 
this difference are about 6 miles apart and there is no evidence to 
indicate what the attitude of the beds is within this interval. 

A comprehensive description of the type section was given by 
Kirk (1929, p. 117B). "Ihe rock of the Ashville is generally dark grey 


or almost black shale; carbonaceous and essentially non-calcareous in 
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composition and capable of being worked into a soft clay. Pyrite is 
present and secondary growths of well-formed selenite crystals are 
abundant, together with the yellow powdery incrustation on lamination 
planes and joint fissures common to all the non-calcareous shales of 
Manitoba. This material may owe its color to the presence of a small 
amount of melanterite, this mineral being found also as an efflorescence 
on the surface of some talus banks of shale. The shale is soft and 
breaks down readily into thin irregular flakes, so that the cut banks 
of streams on which it is exposed are almost invariably covered by a 
loose talus of its fragments. On drying these weathered particles tend 
to assume a dull silvery color. Some beds are highly fissile and of a 
chocolate brown color; material of this type being, in most cases, 
heavily charged with brown fragmentary remains of small fishes." 

"Some beds of the Ashville ... contain a considerable proportion of 
fine sand. Thin beds of bentonitic clay are numerous...." 

"Although the Ashville beds are predominantly non-calcareous 
they include some calcareous concretions as well as bands of impure 
limestones." "Locally these bands have been found crowded with oysters 
and the "matrix" of the rock is found to be composed of calcareous 
prisms, presumably from the shells of an Inoceramus. Fish teeth and 
scales are also present.... Another feature of interest is the 
occurrence of a thin, highly phosphatic band among the shales on 
Wilson River, 1/2 mile southeast from Ashville. It is jet black and 


entirely made up of fish teeth, vertebrae and other bones of fishes." 
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Lithology 


Other lithologic descriptions have been compiled from drill-hole 
data as well as outcrop descriptions (Wickenden 1945, Alberta Society 
of Petroleum Geologists 1960). 

According to Wickenden (1945, p. 17), ''The Ashville is made up 
of dark grey to black shales associated in part of the area with some 
silt and sand beds. Two types of shale are recognized. One, in the 
upper part of the formation, is a greasy black rock that weathers brown 
or a pinkish brown and breaks into numerous flakes or flat chips. The 
lower shale is dark grey and has a more clayey texture. It breaks into 
chunky fragments. The lower part of the Ashville contains some glauconite 
withytheashaless ..2% A silt member occurs between the two shales in 
the northern part of the area." 

Lower Contact: Wickenden (1945, p. 17) described the contact 
with sandy beds of the underlying Lower Cretaceous strata as essentially 
transitional. 

Upper Contact: At the top of the Ashville there is a gradational 
transition through a few feet of shale to the dominantly calcareous beds 
of the overlying Keld Member of the Favel Formation (Kirk 1929, p. 118B). 
Paleogeography and Depositional Environment 

Paleogeography: The Early Cretaceous epoch in western Canada 
and the central United States was a time of epicontinental seaways. 

Rocks of western Canada and the western interior of the United States 
are part of a long, wide belt extending from eastern Mexico into the 
Arctic region. Accounts of the patterns of the seaways and deposition 
are given by Cobban and Reeside (1952), Reeside and Cobban (1960), Stelck 


(1958), Rudkin (1964) and Wulf (1962). 
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Maximum extent of the Joli Fou-Skull Creek sea is shown in 
Wulf (1962, p. 1410) and the maximum extent of the Colorado-Mowry sea 
Te "shown in Wulf’ ( 1962 j*ps 1412)8 

Until middle Albian time the Cretaceous seas of western Canada 
were of boreal origin. It was not until middle Albian time that a 
Gulf Coast connection can be postulated and this connection is assumed 
to be the forerunner of widespread inundations during upper Albian time. 
The Haplophragmoides gigas fauna found in the Joli Fou Formation of 
upper Albian age represents the transitional onlap microfossil suite 
Gpelektertalierlos56s"pe 19). 

Guliov (1967, p. 13) stated that "...the abrupt termination of 
Early Cretaceous arenaceous sedimentation and the initiation of 
argillaceous sedimentation in the Plains area of Central Alberta and 
Saskatchewan has resulted in a sharp boundary between the Mannville 
and Colorado Groups." On the basis of faunal evidence ".... this 
represents the swing over from Arctic flooding to Gulf of Mexico 
flooding in the interior of the continent." (Stelck 1958, p. 6). 

According to Stelck (1958, p. 6) the early onlap phases of the 
Joli Fou sea are expressed by the Swan River Group in Manitoba. 

Depositional Environment: The section in eastern Saskatchewan 
and Manitoba is thin but both stratigraphic and paleontologic evidence 
indicates that a complete Lower Colorado section is present. This 
represents a condensed section deposited well out in the marine basin 
a considerable distance from sedimentary source areas (Rudkin 1964, 
p. 167). He concluded that as there are no indications of shoreline 
conditions here, the eastern edge of the early Colorado sea probably 
lay at least 100 miles east of the present eroded edge of the Lower 


Cretaceous beds (Rudkin 1964, p. 167). 
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According to Price (1963, p. 40) during the earliest Cretaceous, 
sediments from the west maintained the surface of deposition at or 
near sea-level in the area of the Blairmore Group in western and 
southern Alberta. Northwest and eastward, marine beds in the Mannville 
indicate open sea but these beds onlap against an eastward shallowing 
bottom in central and eastern Saskatchewan. Low salinity, lack of 
marine fossils and presence of coal are evidence of a shallow sea 
floor in southern Saskatchewan. 

Price found that rocks of the Ashville contain marine fossils 
and include fine grained sediments, but have none of the light colored 
clays that according to him, seem to be associated with low salinity. 
He interprets these properties as indicating a return to free circula- 
tion of marine water following removal of any restriction that may 
have existed during deposition of the Swan River Group. This might 
have resulted from deepening of the water due to further subsidence. 

Guliov (1967, p. 13) found that in the early stages of 
transgression of the Joli Fou sea through Saskatchewan it was shallow 
and weakly to moderately saline. A trend toward deeper more normal 
saline conditions is inferred from the dominance of species of 
Miliammina but apparently deepening was not great and the sea maintained 
a shallow shelf type character throughout Joli Fou time. 

steickvetsals: (1956, p. 20) found that in) Alberta: the 
Haplophragmoides gigas sea contained an assemblage of finely arenaceous 
microfossils that indicate normal salinity and probable water depths 
in excess of 100 feet. This environment most likely continued into 


late Albian time. 























sHOSonIe1D 1astiaso* sy gatwh (Od ao ,fORT) s3iet af, pitkbgoaad 
46° ib noftresasb Jo ssetred ody Sonkei ni am Aeey oily non) adaemiiem 
fir; fadaew nk giroyo aTrorvte lt iif to sets 4iit vt iavel-s98 1888 
git teninelt oft tk ebod ontiam ,brvvialo bit tJagmidtek .et od LA wyodsues 
ghtwelinds heewierns us jJéntays atlno abu saeds See eee gege osarkbas 
newoelnledess oasatese baa Iewees Ak mottod =, 
(fara s 26 samebivs ob 1b05 20 SIheeegy ets etteuot onttam 
siotetag? dzadtues. ak soe 
sikke0d ankunn ctpinos sliivisl 203 Go aves seas) bamot 99k29 
herolos igi! sit to anon sved Ind ,cireethed Genta ser sbuloat bas . ' 
"VJtotiza W (ijiw osap2to0gen. od aaa ea or snlhao%e tnn? suato 
siuorks 94 i wtudvey s yoitentbnt a2 soli¢geaqony Seen stoves ee 
Vim Int) for joitses: j a) “4 s0ivoilol zedaw onttam, 20) meee 
gam er0T .quoxd tovih uswe.sno , nokiraoqsh goivuh bosakxe: Svea 
-So9nbbraduve «srixu2 04 sus tsupw a9 nicaqin® moti had Veor ave 
16 asge3@-vitss of ste 354 Bayol Cl- sq weet) votive 


wol farla abw 2 cesorsias 


tw 


ie wowys 4 Bee uot tlot off io wotenetgamess + 
Fanon Syom xaqesb binwod bres: .aikies ¥isdevehor o4 ¢lileew bre 

#0 @i949g% Ja sonecimoh wi oovs bexisind, 82 asobsibage eekeae 

Sentatniin 692 913 ban. jessy dom anw ufinodeash ylaneiigen aud seiheume LE RM 
: _— ‘ORES vot Piel tuorpuntis ‘icicibes ticle Seed iJeds wollate a 
Secret nk. Jens frig (OS .q .@2@b) sip de tata te 


MLD HOG: Le 


- sa ame \ ete hil - 






< 





10 


The endemic faunas of the Shaftesbury Formation suggest that 
the sea may have been completely landlocked and may have been inter- 
mittently isolated from the major oceans (Stelck et al. 1958, p. 22). 
Stelck claims that the accumulation of fish scales at the top of the 
Albian stage in the Fort St. John area of British Columbia implies 
the development of a euxinic condition within the inland sea. The 
cessation of sea expansion was marked by the condensed bioclastic 
accumulation--the fish scale marker bed (Stelck et al. 1958, p. 24). 
Paleontology of the Ashville Formation 

Megafossils: A notable feature of the Ashville beds has been 
the lack of megafossils, especially a lack of reliable index specimens. 

Megafauna: McLearn found poorly preserved specimens of Inoceramus 
in the east half of Section 24, Township 44, Range 3, West 2nd Meridian 
which he compared with Inoceramus dunveganensis and Inoceramus 
mcconnelli Warren. These fossils were recovered above a silt zone near 
the top of the Ashville in beds related either to the Ashville or to 
the overlying Favel (Wickenden 1945, p. 22). Inoceramus and oyster 
fragments have been found in other localities but have not been useful 
for correlation. 

Megaflora: To date, no published record of any megaflora from 
the Ashville Formation has been found. 

Microfossils: 

Microfauna: Most of the information regarding microfossils 

from Ashville strata can be attributed to studies by R.T.D. Wickenden 
(1932a, 1932b, 1945). Microfossils studied included Foraminiferea and 


Radiolaria. The latter were not studied in detail but were found to be 
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useful for local correlation as they are confined to his upper shale 
member, Foraminifera occur in both of Wickenden's upper and lower 
shale members but the assemblage in each is somewhat different. All 
species recovered by Wickenden had arenaceous tests and nearly all 
were deformed. Species identifications were not made for deformed 
specimens and for long ranging types such as Haplophragmoides and 
Ammobaculites Wickenden. 

The following species of Foraminifera have been recorded from 


the Ashville Formation (Wickenden 1945, p. 22). 


Upper Shale Member: 


Haplophragmoides sp.? 


Ammobaculites sp.? 

Tritaxia manitobensis Wickenden 
Gaudryina sp.? 

Miliammina manitobensis Wickenden 


Trochammina sp.? 


Lower Shale Member: 


Haplophragmoides sp. A 
Haplophragmoides sp. B 


Ammobaculites sp. A 


Gaudryina sp.? 


There are no common species in his two shale members, but the 
forms of Haplophragmoides and Ammobaculites are the same as those found 


in the Fort St. John Group in the Peace River District (Wickenden 1945, 
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Microflora: Microfloral studies only recently have been 
undertaken on the Ashville strata of Saskatchewan with the 
publication of the first part of a two part paper on spores and pollen 
from the Lower Cretaceous by Steeves and Wilkins (1967). It includes 
only spores but as no definite location of samples or specific 
stratigraphic information is given it cannot be determined if the 
study includes the Ashville interval or not. Therefore the study is 
of no use for biostratigraphic comparison. The only other microfloral 
work published on strata of this age from Saskatchewan is a study of 
microplankton by R.J. Davey (1969) in which sixteen species were 
described in strata ranging from the top of the Swan River Group to 
the base of the Fish Scale Zone, strata which Davey described as Albian 
in age. Four other species were described from above the base of the 
Fish Scale Zone in strata described as Cenomanian in age. Albian 


species described were: 


Cribroperidinium intricatum Davey 

Microdinium varispinosum Davey 
Hystrichosphaeridium difficile Manum and Cookson 
Oligosphaeridium complex (White) Davey and Williams 


Oligosphaeridium anthophorum (Cookson and Eisenack) Davey and 
Williams 


Oligosphaeridium reniforme (Tasch) Davey and Williams 


Litosphaeridium siphoniphorum (Cookson and Eisenack) Davey and 
Williams 


Tanyosphaeridium variecalamum Davey and Williams 


?Cleistosphaeridium aciculare Davey 


Sf 
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Coronifera oceanica Cookson and Eisenack 
Cyclonephelium eisenacki Davey 
Hystrichosphaera ramosa (Ehrenberg) var.ramosa Davey and Williams 


Hystrichosphaera ramosa (Ehrenberg) var.multibrevis Davey and 
Williams 


Hystrichosphaera ramosa (Ehrenberg) var.reticulata Davey and 
Williams 


Gonyaulacysta exilicristata Davey 


Epelidosphaeridia spinosa (Cookson and Hughes) Davey 


Previous Correlations and Age Determinations 


In 1892 J.B. Tyrrell referred to the Ashville strata as the 
"Benton" Shale and in a subsequent Geological Survey of Canada report 
Kirk (1929, p. 17B) suggested that the formation might be equivalent 
to the Graneros Formation of the Benton Shale in the United States. 

Correlation and age determination on the basis of megafossils 
has been problematic due to the lack of diagnostic specimens. On the 
basis of Inoceramus dunveganensis and Inoceramus mcconnelli Warren 
which were recovered from a silt zone near the top of the Ashville 
beds, in strata which may be related either to the Favel or the 
Ashville, McLearn suggested a possible correlation with the upper 
part of the Dunvegan Formation. This would mean that these beds belong 
to the earliest part of the Late Cretaceous (Wickenden 1945, p. 22). 

On the basis of microfaunal evidence, Wickenden (1945, p. 23) considered 
that these correlations applied only to the upper part of the formation 
because the microfaunas of his two shale members are different. 

He considered that his lower member was more closely related to the 


Shaftesbury in the Peace River district. Stelck (1950) established 
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that Wickenden's upper shale member and the Lower Shaftesbury both 
carry the Miliammina manitobensis fauna which he referred to the 
upper Albian stage. 

Wickenden (1945, p. 22) also found elements of the 
Haplophriaagmoides gigas fauna immediately above the Swan River Group 
in the basal Ashville beds in Manitoba. This fauna has been dated 
upper Albian by Stelck (1950). The age of the Fish Scale Zone has 
not been determined precisely in the study area. Stelck (1950) found 
the Miliammina manitobensis microfauna in the Lower Shaftesbury 
Formation of the Fort St. John area below the sands carrying abundant 
fish remains and the ammonite Neogastroplites which he considered 
to be latest Albian in age. M. manitobensis is found throughout the 
Ashville below the Fish Scale sands. Stelck considered that the 
presence of M. manitobensis indicated the Upper/Lower Cretaceous 
boundary was within the Fish Scale sands of the Lower Colorado 
Shale in Alberta and in Manitoba, the boundary could be placed 
within the upper Ashville Formation (Stelck 1950, pp. 54-55). 

The microfloral data published by Norris (1967) on the lower 
Colorado of Alberta supports a late Albian age for Ashville strata 
below the base of the Fish Scale Zone and Davey's (1969) study of 
the microplankton is in accord with this age assignment. The sections 
studied by Steeves and Wilkins (1967) are not satisfactorily located 


and thus lack value for chronological purposes. 
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Regional Correlation: (see figure 2) 


Canadian Correlatives: 

Largely on the basis of elements of the Haplophragmoides gigas 

fauna recognized from immediately above the Swan River Group in the 
basal Ashville Formation the lower part of the formation has been 
correlated with a number of units in western Canada. 
The Miliammina manitobensis fauna known from the upper Ashville 
Formation from outcrop areas in Manitoba (Wickenden 1945, p. 22) 
has also been used in combination with other fossil evidence for 
correlation purposes (figure 2). 

Within the Ashville, a thin siltstone interval is sometimes 
encountered which is correlated with the Viking and other sandy 
units in the lower Colorado Group. 

UNITED STATES CORRELATIVES: In the interior of the United 
States equivalents of the Ashville are found in strata assigned to 
the lower Colorado Group. Non-marine beds include the Bear River 
Formation of southern Wyoming. The Fredericksburg Group of the Gulf 
Coast is also correlative as is part of the Potomac Group of the 


Atlantic Coastal Plain (figure 2). 
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CHAPTER THREE - STRATIGRAPHIC PALYNOLOGY 


In this chapter an attempt is made to indicate the microflora 
which characterize the lower Ashville Formation. Spores, pollen and 
microplankton were present in all samples but spore and pollen 
recovery was sporadic, and the number of species few, suggesting a 
completely marine sequence. The sporadic occurrence is unfortunate 
where considerable weight must be placed on key species and 
conclusions based on such occurrences must be tentative. Many of the 
species are long ranging and have little value for precise correlation 
and age determination. However, a few have restricted ranges and 
enter or leave the sequence at points above the base of the Ashville 
which makes them more useful. Paucity of detailed studies of late 
Lower Cretaceous strata, especially in Canada, limits the precision 
of this study and for this reason the total aspect of the assemblage 
is very important. It is partly this lack of detail that lends 
pertinence to this study. 

A three-fold spore and pollen biostratigraphic division is 
tentatively established (figure 3). The three divisions are 
approximately the lateral time equivalents of the Joli Fou and 
Viking Formations and the overlying shale unit of the lower part 
of the Colorado Group of Alberta studied by Norris (1967). The 
divisions have been established on the basis of the first occurrence 
of species.in each of the foregoing units. 

Two microplankton assemblages were found. One corresponds 
approximately to the Joli Fou plus the Viking Formation and the 
other to the overlying shale unit as established by spores and 


pollen in Alberta (figures 14 and 15). 
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The lower assemblage is characterized by numerous species, many 
with previously known ranges extending upward to points well below 
the Albian Stage. The upper assemblage is characterized by a 
smaller number of species and is lacking many of the species of the 
lower assemblage. One species, Ascodinium verrucosum, dominates the 
upper assemblage. Both assemblages are present in the Southwest 
Potash Bredenbury drill-hole but only the lower one is present in 


the Alwinsal Sarcee drill-hole. 


Considering the planktonic habit of the phytoplankton the two- 
fold division of the dinoflagellates compared to the three-fold divi- 
sion of pollen and spores is not surprising. It is not unreasonable 
that the Viking interval which probably resulted from shallowing of the 
Colorado sea, is not reflected in specific changes in the dinoflagellate 
thanatocoenosis. Analysis of the percentage composition of the micro- 
plankton in the bulk microfloral assemblage (figure 4) indicates that the 
percentage of dinoflagellates decreased during the Viking interval in the 
Southwest Potash Bredenbury sequence. The decrease is interpreted as 
the result of changing conditions of the sea. Shallowing could also 
have changed marine conditions sufficiently to decrease the microplank- 
ton population. The Alwinsal Sarcee sequence on the other hand shows 
fluctuation in the percentage of microplankton (figure 5) in the same 
interval indicated as the Viking equivalent by spores and pollen, 
however the percentage remains high until the uppermost part of the 


interval. This coupled with the fact that only the lower microplankton 
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assemblage is present suggests the presence of the Colorado sea 22 


sequence of deposition only, at the Sarcee site. It suggests that 
Significant change did not occur in the Sarcee area during the Viking 
time interval although some fluctuation may have occurred. The 
foraminiferal study of Guliov (1967) indicates that the Haplophragmoides 
gigas fauna is present throughout most of the Alwinsal Sarcee sequence. 
The microfloral evidence suggests a period of erosion and/or non 
deposition at the Sarcee site during or subsequent to the deposition 

of the upper microplankton division of the Fish Scale Zone. 

The spore and pollen evidence suggests that there is a small 
amount of the upper shale unit time-equivalent in the Alwinsal Sarcee 
sequence (figure 3), but there is no evidence of the upper micro- 
plankton division. This may represent diachroneity within the Ashville 
Formation. Within a limited geographical area where terrestrial paleo- 
ecological pone sions are relatively consistent the occurrence of pollen 
and spores would be expected at approximately the same time horizon 
throughout the area. These palynomorphs would be found onshore and in 
adjacent marine strata. Microplankton however, being marine, would 
be expected to reflect changes in the marine environment (eg. trans- 
gression, regression, depth, and temperature). Thus, changes in 
conditions and patterns of the epicontinental seaways should be 
reflected in the microplankton assemblage and should be marked in 
time by the tarred ce cion of certain pollen and spores. Thus, within 
a restricted geographical area the occurrence of similar spores and 
pollen with differing microplankton assemblages should reflect 
different marine conditions. This would suggest, that restricted 
conditions such as those of the Mowry sea prevailed at the site of 
the Southwest Potash Bredenbury drill-hole at least slightly prior 


to their presence in the Alwinsal Sarcee vicinity. 
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This leaves the alternatives: either open marine conditions 
prevailed throughout this time at the Sarcee site and/or a period 
of erosion and/or non deposition occurred. There is no evidence 
of the upper microplankton division of the Bredenbury sequence at 
the Sarcee site now. 

A withdrawal of the epicontinental sea may have occurred 
subsequent to the Viking interval and prior to deposition of the 
Fish Scale Zone leaving only a restricted body of water in the mid- 
continent extending to the Bredenbury area but not as far as the 
Sarcee site. 

The presence of angiosperm pollen in the lowest sample of 
the Bredenbury sequence, which is thought to lie below the Ashville 
Formation (Dr. G. Playford has found angiosperm in still lower 
samples of the Swan River Group-pers. comm.) indicates the base of 
the Ashville Formation is higher in stratigraphic position than the 
top of the Mannville Group in Alberta as no angiosperm pollen has 
been found in the latter. Angiosperms are known down to the base of 
the Colorado Group in Alberta. Many of the species found by Norris 
(1967) to enter the section above the base of the Colorado Group 
are present at the base of the Ashville Formation and this suggests 
that the base of the Colorado Group is diachronous although it cannot 
be established for certain. 

Species of stratigraphic significance from both drill-hole 
sample sequences are listed below. 

Tricolpites vulgaris (Brenner) Srivastava; known range: Upper Albian of 


Maryland; ?Cenomanian of Minnesota, U.S.A.; lower part of the Colorado 
Group of Alberta; Albian of Oklahoma, U.S.A. 
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Tricolpites paraneus (Norris) n. comb.; known range; lower part of 
the Colorado Group of Alberta; Albian of Oklahoma, U.S.A. 


Tricolpites prosimilis (Norris) n. comb.; known range: lower part 
of the Colorado Group of Alberta. 


Tricolpites sagax Norris; known range: lower part of the Colorado 
of Alberta. 


Tricolpites georgensis (Brenner) n. comb.; known range: upper Albian 
of Maryland U.S.A.; lower part of the Colorado Group of Alberta; 
Albian of Oklahoma, U.S.A. 


Clavatipollenites minutus Brenner ; known range: upper Barremian- 
Albian, Maryland, U.S.A.; lower part of the Colorado Group of 
Alberta. 


Tigrisporites scurrandus Norris; known range: lower part of the 
Colorado Group of Alberta. 


Pilosisporites sp. Norris; known range: upper Albian, Maryland, U.S.A.; 
Viking and upper shale units of the lower part of the Colorado 
Group of Alberta. 


Rugubivesiculites reductus Pierce; known range: upper Albian-Cenomanian 
of Maryland, U.S.A.; Cenomanian of Minnesota, UsS. 4-5 Vikinesand 
upper shale units of the lower part of the Colorado Group. 


Camarozonosporites insignis Norris; known range: Viking and upper 
Shale unit of the lower part of the Colorado Group of Alberta; 


upper Albian of Maryland, U.S.A. and Albian of Oklahoma, U.S.A. 


Clavatipollenites hughesi Couper; known range: Barremian-Aptian, 
England; upper Barremian-Albian of Maryland, U.S.A.; Viking and 
upper shale unit of the lower part of the Colorado Group of Alberta. 


2Cirratriradites teter Norris; known range: Viking and upper shale 
unit of the lower part of the Colorado Group of Alberta. 





Cicatricosisporites hughesi Dettmann, known range: Aptian-?Cenomanian 
of Australia; upper shale unit of the lower part of the Colorado 
Group of Alberta. 


Undulatisporites undulapolis Brenner; known range: upper Barremian- 
Albian of Maryland, U.S.A.; Albian of Oklahoma; Undulatisporites cf. 
undulapolis is known from the upper shale unit of the lower Colorado 
Group of Alberta. 


Reticulisporites sp. Norris: known range: upper shale unit of the 
lower part of the Colorado Group of Alberta. 


Psilatricolpites psilatus Pierce; known range: Cenomanian of France; 
?Cenomanian of Minnesota, U.S.A. 


Lycopodiumsporites reticulumsporites (Rouse) Dettmann; known range: 
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Middle Jurassic-Lower Cretaceous; upper shale unit of the lower 
part of the Colorado Group of Alberta. 


The presence of Cicatricosisporites and Appendicisporites 


species (Brenner 1963, p. 33) places the assemblage above the Jurassic- 
Cretaceous boundary. 
Dicotyledonous pollen is present from the base of the Ashville 
in both core-holes suggesting an Albian age (Brenner 1963, p. 33 )ts 
The first definite dicotyledonous pollen in central Russia (Bolkhovitina 
1953), New Zealand (Couper 1960), Portugal (Groot and Groot 1962), 
Central America and Africa (Couper 1964), Maryland (Brenner 1963), 
Oklahoma (Hedlund and Norris 1968) and Alberta (Norris 1967) occurs 
in the Albian Stage. 
Spores and Pollen of the Southwest Potash Bredenbury 11-36 Drill-hole 
Stratigraphically significant species include: Trtcolpites 
vulgaris, T. paraneus, T. prosimilis, If. sagax, T. georgensis, 
Tigrisporites scurrandus, Pilosisporites sp. Norris, Rugubivesiculites 
reductus, Camarozonosporites insignis, Clavatipollenites hughesi, 
2Cirratriradites teter, Cicatricosisporites hughesi, Undulatisporites 
undulapolis, Reticulisporites sp. Norris, Psilatrrolpites psilatus and 


Lycopodiumsporites reticulumsporites. 


The following species occur at or near the base and have not 


been reported from strata definitely older than late Albian in age: 


Tricolpites vulgaris, I. prosimilis, TIT. sagax, f. georgensis, 1. 


scurrandus, Rugubivesiculites reductus, Camarozonosporites insignis, 


Psilatricolpites psilatus. Presence of these species suggests a late 
Albian age for the base of the lower part of the Ashville in this 


sequence. 
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Distribution and relative abundance of spores and pollen 


in the Southwest Potash Bredenbury drill-hole 


Figure 6. 
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Psilatricolpites psilatus, Punctatriletes parvimundus and 


Rugubivesiculites reductus have previously been reported from 
Cenomanian strata suggesting a Cenomanian age for part of the sequence. 
However, Rugubivesculites reductus has been found in the lower part 
of the Colorado Group of Alberta (Norris 1967) in probable late 
Albian strata and it is found throughout the lower part of the 
Ashville Formation. It is probable that the appearance of these 
species in the lower part of the Ashville Formation extends their 
known ranges to late Albian. 

In Alberta the first six species listed above occur first in 
the Joli Fou Formation. The following six species first occur in the 
Viking and the remaining five species first occur in the upper shale 
unit. All were considered to be of probable late Albian age by 
Norris (1967). It is to be noted that Rugubivesicultites reductus, 
and Clavatipollenites hughesi found in this study, and 
Camarozonosporites insignis (pers. comm. Dr. Playford) have been found 
to range throughout the lower part of the Ashville Formation. This 
considerably decreases the number of species upon which to base 
correlation. 
Spores and Pollen of the Alwinsal Sarcee 4-28 Drill-hole 

The spore and pollen assemblage closely resembles the Southwest 
Potash Bredenbury sequence. Stratigraphically significant species 
include Tricolpites georgensis, I. parameus, T. sagax T. vulgaris, 
Clavatipollenites minutus, Tigrisporites scurrandus, Pilosisporites sp. 
Norris, Rugubivesiculites reductus, Camarozonosporites insignis, 
Clavatipollenites hughesi, Undulatisporites undulapolis, and 


Reticulisporites sp. Norris. 
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As in the Southwest Potash Bredenbury sequence, angiosperms 
are present throughout; and on the basis of the above listed spores 
and pollen a late Albian age is suggested. 

In the lower part of the Colorado Group of Alberta (Norris 
1967) the first six species listed above occur first in the Joli Fou 
Formation, the next four species enter first in the Viking Formation 


and the last two listed species first occurred in the upper shale unit. 


Microplankton 


Due to lack of detailed studies of microplankton from the late 
Lower Cretaceous, biostratigraphic interpretation of the assemblage 
has been based largely on its total aspect rather than upon key 


species. 


Microplankton of the Southwest Potash Bredenbury 11-36 Drill-hole 


The stratigraphic position and relative abundance of each 
species is recorded on figure 8. The most striking feature of the 
sequence is an abrupt change in the assemblage which occurs at 
approximately 1134-1139. A number of species disappear; some occur 
for the first time and continue upward while others appear only 
briefly. 

The Alwinsal Sarcee assemblage is comparable to the Southwest 
Potash Bredenbury sequence below 1134-1139 feet. Of thirty-nine 
species which occur only below 1134 feet in the Bredenbury drill-hole 
thirty-seven are found in the Sarcee drill-hole. The two which are 
absent in the Sarcee drill-hole are Hystrichosphaera ramosa var. 


. gracilis and Scriniodinium campanula. 
Braciiis ecriniodinlum campenui¢ 
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Figure 10. Species of dinoflagellates below 1134 feet in the Southwest Potash 


Bredenbury drill-hole. 
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Of ten species recorded from only above 1134 feet in the 
Bredenbury drill-hole only one occurs in the Sarcee drill-hole. 

This species is Hystrichosphaera ramosa var. granomembranacea. 

The upper microplankton assemblage has fewer species than the 
lower assemblage with Ascodinium verrucosum becoming the most dominant 
species. This may indicate an abrupt change in the marine environment, 
resulting in the dominance of only a few species. This interpretation 
seems to support Stelck et al. (1958, p. 22) who Stated, es. 
restriction of the faunas of the Shaftesbury Formation to the 
interior of North America suggests this sea was almost completely 
landlocked and may have been intermittently isolated from the major 
oceans of the world." 

The presently known ranges of the microplankton species 
listed here probably reflect gaps due to lack of study. it is 
considered that any attempt to date the Ashville strata precisely 
on their presence alone would be premature in view of the present 


knowledge of microplankton ranges. 
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CHAPTER FOUR - AGE AND CORRELATION OF THE LOWER PART OF THE ASHVILLE 


FORMATION 


The microfloral content of the two drill-hole sequences is 
compared to some previously described assemblages to demonstrate 


stratigraphic and chronological relationships. 


Spores and Pollen 


The most comparable assemblage to the Ashville assemblage is 
that studied by Norris (1967) from the lower part of the Colorado 
Group of Alberta. Forty of seventy-six species from Alberta (excluding 
bisaccate species) are found in the strata of this study (figure 16). 
Of eighty-seven species reported in the underlying Grand Rapids 
Formation by Singh (1964), Norris found that forty-seven ranged into 
the Lower Colorado Group and forty were restricted to the Grand 
Rapids. Only two species of the forty restricted to the Grand Rapids 
in Alberta were found in the lower part of the Ashville Formation in 
this study. They are Concavissimisporites punctatus, and Aequitriradites 
spinulosus. Twenty-three of the forty-seven long ranging species 
are found in the Ashville Formation. Species with more restricted 
ranges are discussed below. 

Of nine species (excluding two bisaccate pollen species) that 
first appeared in the Joli Fou unit of Alberta, seven species are 
recorded from the lower part of the Ashville Formation. Of five 
species (excluding three bisaccate pollen species) first appearing 
in the Viking Formation in Alberta all are recorded from Ashville 


strata, and of eighteen species recovered only from the upper shale 


unit in Alberta four are present in the Ashville in Saskatchewan. 
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The species have been listed previously and indicate a probable 
late Albian age for the lower Colorado in Alberta and the lower 
Ashville in eastern Saskatchewan. The base of the Ashville is how- 
ever, probably younger than the base of the Joli Fou. 

Studies by Pocock (1962,1965) on the Jurassic-Cretaceous 
boundary of western Canada and the Mannville Group in Saskatchewan, 
like the study of the Mannville Group by Singh (1964) indicate 
numerous long ranging forms present which are found in the Ashville 
strata of this study (figure 16). No angiosperms were found in the 
Mannville and the number of Schizeaceous species was considerably 
greater than the number found in this study. All of these facts 
indicate that the Ashville Formation is younger than the Mannville 


strata of middle Albian age. 


Comparison with Biostratigraphic Units in the United States 


Many of the spores and pollen recovered from Ashville strata 
have counterparts in the Potomac Group of Maryland and Delaware 
(Brenner 1963,1967). Zone II (in particular Zone IIb) of Brenner 
(1963) corresponds to the lower part of the Ashville Formation of 
this study. Species common to the Ashville are shown on figure 16. 

Of the species found in the Ashville the following are restricted to 
Brenner's Zone II: Apiculatisporis babsae Brenner, Lycopodiumsporites 
austroclavatidites (Cookson) Potonié, Tricolpites georgensis (Brenner) 
n. comb., Cerebropollenites mesozoicus (Couper) Nilsson. 

The Ashville assemblage contains Rugubivesiculites reductus 

which is restricted to Brenner's Zone IIb and angiosperm pollen is 


restricted to his Zone II. 
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Brenner (1963, p. 33) has assigned an Albian age to the strata 
suggesting that Zone II is at least in part of late Albian age. 

Hedlund and Norris (1968) recorded eighty species of fossil 
pollen and spores from the "Walnut" - Antlers Formations of Oklahoma. 
Seventeen of the species are found in the Ashville Formation (figure 
16). Species found in the 'Walnut'" - Antlers assemblage that are 
also common to the Potomac Group and the lower part of the Ashville 
strata are: Undulatisporites undulapolis Brenner, Clavatipollenites 
minutus Brenner, Tricolpites georgensis (Brenner) n. comb., Circulina 
parva Brenner. These species have previously been found to have an 
exclusively Lower Cretaceous distribution in North America (Hedlund 
and’ Norris’ L968, pl" 154) . 

Forms common to the lower part of the Colorado Group of 
Alberta, to the "Walnut" - Antlers assemblage and to the lower part 
of the Ashville Formation which have not been reported from strata 


younger than Albian or older than Early Cretaceous in North America 


are: Undulatisporites undulapolis Brenner, Clavatipollenites minutus 


Brenner, Tricolpites georgensis (Brenner) n. comb., T. paraneus 


Norris and Circulina parva Brenner. 

Three of nine species listed by Hedlund and Norris, presently 
restricted to Albian strata in North America, occur in the Ashville 
Formation. They are Tricolpites sagax Norris, Tricolpites georgensis 
(Brenner) n. comb., and T. paraneus (Norris) n. comb. 

Hedlund and Norris cite the presence of dicotyledonous pollen 
as evidence that the "Walnut" - Antlers assemblage is younger than 


the late Barremian to middle Albian Mannville Group (Pocock 1962,1965; 








nit of see netdls: np hanpkead aie ae ue f BOL) sonned 


: a. | ae 
t tose! tn ab JE saok sara yotiaspeua 


Te 
; j , wi} MOTD BOWES 
2 
> F Bue : ] wit) 


: Hy x : 4 vf a 
; 7 : abe ; hel’ :o7a adaeyse : 
jh fo 
. Se 
- ; & } ape wie! ,iannow Imm a 


vy same ST 

- i a I mets) 
- 

f coup 

; Lave 


7 : 10% 
ad of Atvedl, 
j i i v i x13 
} j } ; os 7 
yotl ni lods Sabi seckk soe. Lub 56h 
: mm y » t er Fe oe ; 
a wb * . : ori el ol, Tey! <a peter q 


_ ean vast, BUSI 99F0 bon Bk le 
i— ¥ 
7 mo 
A as bn done: et 


» 





Vesnseeng .éco%e bis bovibell yi beaters astvaqe sagn Fw ood 
’ » 









Biaregsoge Beticlovis? ,witi0k “epee ead plusksT: ayn eer nei t Snes" 
- ~ = ca 


ae a Lith pay Py iris, «tle ae iad 


; ai 
Pa ees 
4 oe ey Ta) 8 itr Died 
sie bi a = 


Singh 1964; Norris 1967) and younger than the Patuxent and Arundel 
Formations of Maryland (Brenner 1963,1967), which do not contain 
angiosperm pollen. This suggests that the Ashville strata studied 
here are also younger than middle Albian. The presence of more 
complex "advanced" dicotyledonous types such as tetra and 
pentacolpate grains in the "Walnut" - Antlers assemblage is taken 
by Hedlund and Norris (1968) as indicating a post Albian age were 
not found in the Ashville strata of this study however. These forms 
perhaps reflect different paleoecological conditions in the two 
areas since it is considered that the strata in the two areas are 
coeval in part. Further information is needed before more positive 
statements can be made. 

The possible Cenomanian assemblage of species illustrated by 
Pierce (1961) from Minnesota has only Rugubivesiculites reductus, 
Psilatricolpites psilatus, Tricolpites vulgaris, Retitetradites 
monocolpatus and Punctatriletes parvimundus in common with the 
lower Ashville assemblage and the presence of tricolporate pollen 
grains suggests that the Minnesota strata are younger. 

Few similarities exist between the Ashville assemblage and 
other palynomorph studies from the Upper Cretaceous deposits of the 
Atlantic Coastal Plain (Leopold and Pakiser 1964, Hedlund 1966), 
and New Mexico (Anderson 1960). All of these studies report 
dicotyledonous porate and colporate grains which are not present in 


the lower part of the Ashville Formation. 
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Comparison with Spore and Pollen Assemb lages Outside North America 


No angiosperm pollen has been found in Jurassic, Wealden or 
Aptian (Lower Greensand) strata of Britain (Couper LODO), all Jurassic 
or Cretaceous strata in Germany (Thiergart 1949), or in Lower 
Cretaceous sediments in Russia (Bolkhovitina 1953,1959). A number 
of the long ranging species illustrated by Couper (1953) have 
counterparts in the lower Ashville strata, 

Australian studies of interest have been made on Valanginian 
or older strata by Balme (1957) and on sediments ranging from 
Aptian to Albian age (Dettmann 1963). A few long ranging species 
reported by Dettmann are found in the Ashville (figure 16). Dettmann 
noted a few angiosperm pollen grains entering the sequence in some 
Albian samples. Both sequences are considered older than the 


assemblage described here. 


Comparison of Microplankton with Previously Described Assemblages 


Davey (1969) in Part I of a two part series described and 
illustrated sixteen species of microplankton .from Albian and Cenomanian 
strata in a drill-hole about 12 miles south of the Bredenbury drill- 
hole used in this study. Eleven of his species have been recorded in 
this study and are listed on figure 17. The Albian and Cenomanian 
boundaries accepted by Davey were not based on the microplankton he 
found but on other evidence. Most of his species are known to range 
from Lower to Upper Cretaceous. Leptodinium delicatum found only in 
the Cenomanian samples studied by Davey, appears in Albian strata in 


this study. 
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Eight of the forty-nine species reported by Manum and 
Cookson (1964) from the lowermost Upper Cretaceous in the Canadian 
Arctic occur in Ashville strata and are listed on figure 17. 

All but two species Pareodinia sp. A and Stephodinium eur opaicum 
(= Stephodinium coronatum), occur below 1134-1139 feet. Although 
the rest of the assemblage is not comparable to the Ashville suite, 
the similarity suggests that similar paleoecological conditions 
existed in the two areas. 

Pocock (1962) and Singh (1964) described microplankton from 
Jurassic to Cretaceous and from late Barremian to middle Albian 
strata of western Canada respectively. Of six species described by 
Pocock and ten described by Singh that range into the lower Ashville 
strata, all occur below 1134-1139 feet in the Bredenbury sequence. 

The Ashville strata are characterized by a dramatic increase 
in the number of species as compared to older strata in Alberta 
(Pocock 1962, Singh 1964) although the numbers decrease markedly 


in the upper part of the beds studied here. 


Comparisons with Microplankton Assemblages Outside - Canada 


Few published studies of Cretaceous microplankton from the 
United States were encountered. Tasch et al. studied the Kiowa Shale 
of Albian age in Kansas which was found to contain an anomalous 
assemblage different from the assemblage described here or any 
other Albian assemblage known at present. As these authors note, this 
may be a geographic phenomenon with the assemblage representing a 
distinct paleogeographical province (Tasch et al., 1964, p. 196). 


The forms reported by Drugg (1967) from Cretaceous to Paleocene 


rocks in California differ from the forms encountered in this study. 
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Ascodinium cf, A. verrucosum was reported from Lower 
Cretaceous sediments of Montana by Evitt (1967a) but little published 
information is available for biostratigraphic correlation. 

The most comparable assemblage to the Ashville suite from 
outside Canada is that of the upper Gault, Cambridge Greensand and 
Chalk Marl of Britain described by Cookson and Hughes (1964). 

Twelve of thiry-eight described species are found in the lower Ashville 
(figure 12) and the two suites are probably at least partially 
correlative. Unfortunately, whether the Cambridge Greensand belongs 

to the varians subzone (lower Cenomanian) or the dispar subzone 
(uppermost Albian) is still controversial thus preventing a direct 
calibration with the standard European ammonite sequence. 

Davey et al. (1966) have described eighteen species from 
Mesozoic and Cenozoic sediments of Britain which also occur in the 
Ashville Formation (figure 12). Ten species have not previously been 
found in strata as old as Albian and it is thought that their 
occurrence in the lower Ashville extends their known ranges. 

The Ashville assemblage does not appear to correlate with 
Clarke and Verdier's (1967) study from the Isle of Wight, although 
long ranging species are present (figure 17). 

Of seventy-five species of fossil microplankton from Upper 
Jurassic and Cretaceous Aptian, Albian, Cenomanian and Campanian 
strata from Australia and New Guinea (Cookson and Eisenack 1958) 
only six are common to the Ashville assemblage. None of forty- 
three species from upper Albian to Campanian strata of Australia 
(Cookson and Eisenack (1960a) occur in the Ashville. The Ashville 


assemblage includes six of the thirty-six species described by 
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COMPARISON OF SELECTED STUDIES WITH SPORES 
AND POLLEN FROM THE LOWER PART OF 


Cyathidites minor 

Deltoidospora hallii 

Deltoidospora psilostoma 
Undulatisporites undulapolis 
Stereisporites antiquasporites 
Concavissimisporites granulatus 
Concavissimisporites punctotus 
Concavissimisporites verrucosus var. 
Osmundacidites wellmanii E 
Baculatisporites cf. Bkcomaumensis 
Acanthotriletes varispinosus : 
Pilosisporites sp.A 

Apiculatisporis babsae 
Neoraistrickia truncata 


Lycopodiumsporites austroclavatidites 


Lycopodium sporites marginatus 
Lycopodiumsporites reticulumsporites 
Tigrisporites scurrandus 
Taurocusporites segmentatus 
Reticulisporites sp.A 
Cicatricosisporites hallei 
Cicatricosisporites hughesi 
Cicatricosisporites perforatus 
Cicatricosisporites sp. Singh 
Cicatricosisporites sp. Norris 
Cicatricosisporites sp.A. 
Appendicisporites symskiensis 
Appendicisporites tricornitatus 
Appendicisporites unicus 
Appendicisporites sp. A 
Gleicheniidites apilobatus 
Gleicheniidites senonicus 
Punctatriletes parvimundus 
Sestrosporites cf.S. pseudoalveolatus 
Coronatispora valdensis 
Camarozonosporites insignis 
Contignisporites cf. C. cooksonii 
Contignisporites perplexus 
?Cirratriradites teter 
Aequitirifadites spinulosus 
Loevigatosporites ovatus 
Cerebropollenites mesozoicus 
Rugubivesiculites reductus 
Inaperturapollenites dubius 
Eucommlidites troedssonii 
Equisetosporites staplinii 
Equisetosporites sp.A 
Cycadopites fragilis 
Clavatipollenites hughesii 
Clavatipollenites minutus 
Retitetradites monocolpatus 
Psilatricolpites psilatus 
Tricolpites georgensis 
Tricolpites paraneus 
Tricolpites prosimilis 
Tricolpites sagax 

Tricolpites vulgoris 
Classopollis torosus 

Circulina porva 

Schizosporis reticulatus 


THE ASHVILLE FORMATION 


& 
c o/s 
ae |§ 7 co 
c = o o = 
« <a ° ex Qic 
= |2 |2 w 2 a Ps 
e js |= |4e o Ll 
E uo o 3s a = =, 
=) = - of ° 
o = ° o = c 7 = & 
ie a Vel Sul Salf o vlye2 
oe Ole Pp & o o. 4 4 ~4 rad cd oA mo a 
‘ ed Cm a 1 es Cy | I et 
=A l/ Pw /O vse Eedee on 
Suleé ~ ole Mo MlEecMer £&i Lig 
Oem | oO oj @SJ/ecul/owml a Si o we 
SEEM Aol Fs e%/o5l(Es55l 55/28 
2soi{[stliao eo fM/ol2l/se222alao0 
qXzinn/|DaQa/ Iu H\|een |\Oanarliguo 
or |er [ees (rT | er | Or 
eK) 9 LST Ed TY Oe PE Ny PS ee eee ae 
SS es es ee ee ee Se 
eRe Oe Oe |G 1 | -O a |Fat 
ioe di, pelle oad Danes OT I dl EY ied | 
PS 4 (Fad OS OS Dy Te PR) 
Patera ome en fh omen | | ap | ——] 6 — | 
SOM Oe Oe ee | et 
iii) 4 es ag ame sea be a De ee a et 
EO ee ee ee es ee ee 
pO be bee| a | [4 — | Fs 
ee eee eee er ee | | ee 
OR) CA RY AC RCT RT A (Ef ae 
SIE Te Esa Ge a 3 Poel eee Oo es Ga 
a die ol ee ee ee ee 
a 0 ee EO a ee ee ee oe 
= Os- | O-|-—- 6 5-4 - [6 1 6 | —— | 
Sod Jd ors Sa ba eel (omemoeal Looe 2m been el Aa 
mi 2 eh ad ee 
gy a es ee ee ee 
ad Ss eel Sd oe oe 
Ceca 2 leak Tad Be ec aa es Hl De, 


sas ane 
Sg So Sees ees 
aole 
oases See 
+++ —_ + 4 
BSS Soe eos Snes 
crEscaisae Sosa ost 
[== ss 
See 


Valanginian - Aptian and 


Aptian - Albian 
Deftmann 1963 
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COMPARISON OF SELECTED STUDIES WITH 
DINOFLAGELLATES FROM THE LOWER PART 
OF THE ASHVILLE FORMATION 


1964 


Upper Gauit 
Senonian 


Clarke and Verdier 1967 


Davey et.al. 1966 
Albian 


Albian/Cenomanian 

Davey 1569 

Lower Upper Cretaceous 
Manum and Cookson 1964 
Paleocene 

Stanley 1965 

Albian 

Tasch, fcLure and Oftedahl 
Cookson and Kughes 1964 
Greensand 

Cookson and Hughes 1964 
Chalk Marl 

Cookson and Hughes 1964 
Hauterivian/Zarremian 
(Gocht 1957, 1959; Alberti 1961) 
Mesozoic and Cainozoic 
Aptian 

Eisenack 1958 

Cenomanian Turonian and 
Baltes 1967 


Leptodinium cf. L. eumorphum 
Leptodinium delicatum 
Gonyaulacy sta whitei — 


| Cookson and Eisenack 1962 


Cribroperidinium 
Cribroperidinium 
Cribroperidinium 
Cribroperidinium 


intricatum 

cf. C. muderongensis 
cf. C. orthoceras 
sp.A 


Cribroperidinium 
Poreodinio sp.A 
Apteodinium granulatum 

Spinidinium microceratium 
Trichodinium cf, T. hirsutum 

Fromeo omphora 

?Fromea sp.A 

Tenuo sp.A 

Canningia colliveri 

Canningia cf. C. reticulata 

Broomea joegeri 

Hy strichosphaeridium salpingophorum 
Hy strichosphaeridium stellatum 
?Cleistosphaeridium aciculare 
Cleistosphaeridium polypes 
Cleistosphaeridium sp.A 
Cleistosphoeridium sp.B 
Cordosphoeridium cf. C. inodes 
Cordosphoeridium cf. c. multispinosum 
Coronifera cf. C. oceanica 

Hy strichokolpoma unispinum 
Litosphaeridium siphoniphorum 
Litosphaeridium sp.A 
Oligosphaeridium alberten se 
Oligosphaeridium anthophorum 
Oligosphaeridium complex 
Oligosphaeridium pulcherrimum 
Oligosphaeridium reticulatum 
Polysphoeridium sp.A 

Sy stematophora schindewolfi 
Tanyosphoeridium variecalamum 
Tonyosphaeridium sp.A 
Cyclonephelium distinctum 
Cyclonephelium eisenacki 
Cyclonephelium sp.A 
Cyclonephelium sp.B 


sp.B 


Hy strichosphoera 
Hy strichosphaera 
Hy strichosphoero 
Hy strichosphoera 
Hy strichosphoera 
Hy strichosphaera 


cinguloto var. reticulata 
famosa var. ramosa 

ramosa var. gracilis 

fomosa var, granomembranacea 
tamoso var. membranacea 
tomosoa vor. reticulata 


Hy strichosphaera ramosoa var. Indet 
Hy strichodinium cf. H. oligaconthum 
?Dinopterygium cladoides 
Deflandrea cf, D. cincta 
Deflandrea pirnaensis 

Deflandrea cf. D. pirnaensis 
Scriniodinium campanulo 
Scrinidinium cf. S. ceratophora 
Scriniodinium eurypylum 
Scriniodinium sp.A 

Scriniodinium sp.B 

Ascodinium verrucosum 
Pseudoceratium sp.A 
Odontochitina costota 
Odontochitina sp. A 

Kalyptea monoceras 

Stephodinium coronatum 
Chlamydophorella nyei 
2Dinogymnium sp.A 
**Paleoperidinium’’ cretaceum 
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Figure 17. 
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Cookson and Eisenack (1962a) from Aptian to Cenomanian strata in 
Australia. These assemblages appear to represent a different phyto- 
plankton province. 

The only European assemblage similar to the Ashville assemblage 
is from the Moesic Platform of Rumania (Baltes 1967). Five of twenty- 
two species from strata assigned to the Albian Stage by Baltes are 
found in the Ashville (figure 12). His Ab. 1 and Ab. 2 complexes 
cannot be distinguished in Saskatchewan but elements are present 
from both complexes and support the Albian age assigned to the lower 


part of the Ashville. 


Summary 


On the basis of the microflora studied, the Alwinsal Sarcee 
sequence is considered equivalent to that part of the Southwest 
Potash Bredenbury sequence below 1134-1139 feet. The lower part of 
the Ashville Formation is correlative with the late Albian lower part 
of the Colorado Group of Norris (1967) and with the lower Colorado 
sequence below the base of the Fish Scale Zone described by Davey 
(1969). The sequence is younger than the late Barremian to middle 
Albian Mannville Group (Singh 1964) and the upper Mannville studied 
by Pocock (1965). 

In the United States, Zone IIb (Brenner 1963) considered 
equivalent to the upper two-thirds of the Patapsco Formation of 
Maryland, is probably coeval with the lower part of the Ashville. 
This zone has been assigned an Albian age possibly in part of late 


Albian age. 
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The Albian "Walnut" - Antlers assemblage from Oklahoma 
(Hedlund and Norris 1968) is probably partially equivalent to the 
strata of this study. More complex "advanced" (Hedlund and Norris 
1968, p. 156) angiosperms may reflect paleoecological differences 
rather than age differences. 

Ashville microplankton appear to correlate with part of the 
Chalk Marl, Cambridge Greensand, and upper Gault strata which are 
either late Albian or Early Cenomanian. Albian strata from Rumania 


also carry a somewhat comparable assemblage. 
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CHAPTER FIVE - BOTANICAL RELATIONS AND PALEOECOLOGICAL INTERPRETATIONS 


OF THE SPORES AND POLLEN 


Comparative morphological studies of recent plants and fossil 
spores and pollen offer suggestions of the natural affinities of 
fossil spores and pollen even though the affinities cannot be 
established for certain unless they are found associated with at least 
part of the parent plant. On the basis of affinities suggested in 
works by Couper (1958), Groot et al. (1961), Pocock (1962,1965), 
Potonié (1962,1967), Dettmann (1963), Brenner (1963), Singh (1964), 
and Norris (1967) a botanical classification is outlined and then 
followed by some general paleoecological conclusions (modified from 


Norris 1967, and Scagel et al. 1966). 


DIVISION BRYOPHYTA 
Musci 
Sphagnidae 
Family Sphagnacea 


otereisporites antiquasporites 
Aequitriradites spinulosis 


DIVISION ARTHROPHYTA 


Equisetales 


Inaperturopollenites dubius (pars) 


DIVISION LYCOPODOPHYTA 


Lycopodiales 
Lycopodiumsporites austroclavatidites 
Lycopodiumsporites reticulumsporites 
Lycopodiumsporites marginatus 
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Sestrosporites cf. S. pseudoalveolatus 


Selaginellales 


Acanthotriletes varispinosus 


DIVISION PTEROPHYTA 
Ficicales 
Family Osmundaceae 


Osmundacidites wellmanii 
Baculatisporites cf. B. comaumensis 


Family Schizaeaceae 


Cicatricosisporites hallei 
Cicatricosisporites hughesi 
Cicatricosisporites perforatus 
Appendicisporites tricoruitatus 
Appendicisporites potomacensis 
Appendicisporites symskiensis 
Appendicisporites unicus 
Contignisporites Cie Ge cooksoni 
Contignisporites perplexus 


Family Gleicheniaceae 


Gleicheniidites apilobatus 
‘Gleicheniidites senonicus 


Family Cyatheaceae or Dicksoniaceae 


Cyathidites minor 


DIVISION PTERIDOSPERMOPHYTA -- INCERTAE SEDIS 


Deltoidospora hallii 
Deltoidospora psilostoma 
Undulatisporites undulapolis 
Pilosisporites sp. Norris 
Tigrisporites scurrandus 
Taurocusporites segmentatus 
Reticulisporites sp. Norris 
Coronatispora valdensis 
Camarozonosporites insignis 
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?Cirratriradites teter 
Laevigatosporites ovatus 


DIVISION CYCADOPHYTA 


Cycadeoideales or Bennettitales 


Cycadopites fragilis 


DIVISION CONIFEROPHYTA 
Coniferales 


Family Taxodiaceae 


Inaperturopollenites dubius (pars) 


Family Podocarpaceae 


(species excluded from study) 


Family Pinaceae 


(species excluded from study) 


DIVISION CONIFEROPHYTA -- INCERTAE SEDIS 


Classopollis torosus 
Circulina parva 


Eucommiidites troedssonii 


DIVISION GNETOPHYTA 


Ephedrales 


Equisetosporites staplinii 
Equisetosporites sp. A 


SPORES INCERTAE SEDIS 


Schizosporis reticulatus 


DIVISION ANTHOPHYTA 


Monocotyledoneae -- Incertae sedis 


Clavatipollenites hughesi 
Clavatipollenites minutus 
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DICOTYLEDONEAE -- INCERTA SEDIS 


Psilatricolpites psilatus 
Tricolpites sagax 
Tricolpites vulgaris 
Tricolpites georgensis 
Tricolpites prosimilis 
Tricolpites paraneus 


GENERAL PALEOECOLOGICAL INTERPRETATIONS 


DIVISION BRYOPHYTA 
Family Sphagnaceae - 2 genera and 2 species. Cosmopolitan. 
Species of this family are found in peat bogs, acid moors and 
on pond margins. They indicate wet lowland terrain. (Singh 1964, 


De oe jc 


DIVISION ARTHROPHYTA 
Equisetales - 1 genus and 1 species. Cosmopolitan except 
for Australia, with the most luxuriant species in the tropics. 
The plants grow well on acid soil and are often prolific on sand 
dunes, gravel bars and other suitable habitats are swamps, lake 
margins and moist woodlands. Although it generally is favored by 


moist climates and soils it tolerates somewhat xeric conditions. 


DIVISION LYCOPODOPHYTA 
Lycopodiales - 2 genera and 4 species. Cosmopolitan. Species 
are found chiefly in subtropical and tropical forests but also 
extend into arctic and temperate zones. They are not found in 
aric refions. (Sine l9og sp. 32). 
Selaginellales - 1 genus and 1 species. Cosmopolitan. Most 


species are found in the wetter tropics in shades humid 
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spots, but some exist in temperate regions and a few are found 
in extreme climates such as the desert or the subarctic. In 
general they thrive in wet and shaded sites, but will tolerate 
exposed habitats such as rocky cliffs (Singh 1964, p. 32, 


pcaceiger alyeloG7 grep. 380)e 


DIVISION PTEROPHYTA 
Ficicales 

Family Osmundaceae - 2 genera and 3 species. Cosmopolitan. 
Most species are temperate and tropical but various ones live 
in shaded moist woodlands (Sing 1964, p. 32). 

Family Schizaeceae - 3 genera and 9 species. Members of this 
family are mainly tropical and subtropical although some species 
of Schizea are found as far north as eastern Canada. (Singh 
T26458pe85Z).. 

Family Gleicheniaceae - 1 genus and 2 species. Species are 
mainly tropical but also extend into temperate regions (Singh 
1645 pie32).. 

Family Cyatheaceae or Dicksoniaceae - 1 genus and 1 species. 
The Cyatheaceae are mostly tree ferns and are confined largely 
to the tropics and subtropics, with some forms found in 
temperate regions, especially in the southern hemisphere. They 
occur mainly in humid forests. The Dicksoniaceae are tropical 
but a few are found in temperate regions also. The tree ferns 
of this family are tropical but several are species of ferns 


of the warm temperate southern hemisphere. (Singh, 1964, p. 32). 
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DIVISION PTERIDOSPERMOPHYTA -- INCERTAE SEDIS - 10 genera and 


ll species. (Affinities are unknown). 


DIVISION CYCADOPHYTA 
Family Caytoniaceae - 1 genus and 1 species. 
Cycadales or Bennettitales - 1 genus and 1 species. Cycadaceae 
occur exclusively in the tropics and subtropics in rocky, arid 
regions today but fossil evidence shows they were not so 


confined in the past (Singh1964, p. 33). 


DIVISION CONIFEROPHYTA 
Coniferales - Family Podocarpaceae - Six of the seven genera 
of this family are restricted to relatively small regions of the 
southern hemisphere. Only the genus Podocarpus is widespread and 
ranges north of the equator in Central America, Africa and from 
Malaya to Japan. 
Family Pinaceae - North America and Eurasia mostly on poorer 


soils and in cooler climates (Scagel et al. 1967, p. 513). 


DIVISION CONIFEROPHYTA -- INCERTAE SEDIS - 3 genera and 3 species. 


(Affinities are unknown). 


DIVISION GNETOPHYTA 
Ephedrales - 1 genus and 2 species. Species are mainly 
tropical to temperate, found in scattered patches in hote 
to very cold, arid, mountainous, rocky or desert regions (Singh 


1964, p. 33). 
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DIVISION ANTHOPHYTA 


Angiospermae - no safely recognizable modern analogues. 


The largest group represented are Pterophyta, which is 
followed by Coniferophyta and then Anthophyta. These relationships 
are indicated in the lists above and also from the percentage 
composition of the assemblage shown on figures 7 and 8. Other 
elements represented are Pteridophyta and minor elements of the 
Bryophyta, Arthrophyta, Lycopodophyta, Cycadophyta and Ephedraceae. 
The assemblage is very similar to that described by Norris (1967) 
from the lower part of the Colorado Group of Alberta. 

Most species listed have affinities to humid temperate and 
tropical modern species. Although there are many factors as outlined 
by Singh (1963, p. 68) that affect the relationship between 
vegetation and its pollen representation in sediments, the pollen- 
Spore suite gives an indication of the paleofloral cover. If the 
law of uniformitarianism is applied conditions of the area during 


Ashville time may have been humid temperate to subtropical. 
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CHAPTER SIX - SUMMARY AND CONCLUSIONS 


Sixty species belonging to thirty-eight genera of spores and 
pollen and seventy-one species of microplankton representing thirty- 
five genera were recovered from the lower part of the Ashville 
Formation of Saskatchewan. All samples contained spores, pollen and 
microplankton and indicate that deposition occurred in a marine 
environment with the shoreline at a distance such that spores and 
pollen are present but sporadic and few in number. 

Based on the assemblage recovered, the strata are assigned to 
the late Albian stage. This age is based mainly on the spores and 
pollen eal as (esis felt that any attempt to refine the age 
to this level on the basis of dinoflagellates would be premature. 

The lower part of the Ashville Formation appears to be 
biostratigraphically correlative with the Joli Fou and Viking 
Formations and the overlying shale unit below the Fish Scale Zone 
of the lower part of the Colorado Group in Alberta. 

It appears that the base of the Ashville at the locations 
studied is younger than the base of the Joli Fou. 

In the United States part of the Patapsco Formation of 
Maryland and part of the "Comanche Series" of Oklahoma is 
correlative. Dinoflagellates indicate some degree of correlation 
with the upper Greensand of England and the Albian of Rumania. 

The microplankton assemblage from the Alwinsal Sarcee drill- 
hole and below 1134 feet in the Southwest Potash Bredenbury drill- 
hole is interpreted as reflecting normal marine conditions of the 


Lower Colorado sea. 
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At 1134 feet the assemblage of the Bredenbury sequence changes, 
reflecting what may be a change to more restricted marine 
conditions in the sea. 

The absence of this assemblage in the Sarcee drill-hole may 
be due to erosion and/or non deposition and this may be at least 
be part of the reason for the difference in thickness in the two 
drill-holes. 

The spore and pollen suite reflects a warm humid temperate to 
subtropical land flora composed predominantly of ferns, conifers 
and angiosperms with minor cycadalean, ephedralean, equisetalean, 


lycopodalean and bryophytic elements. 
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CHAPTER SEVEN - FORMAL TAXONOMIC DESCRIPTIONS 


Introduction: All of the specimens illustrated in this 
thesis come from either the Southwest Potash Bredenbury well Lsd. 11, 
Sec. 36, Tp. 22, R. 1, W. 2nd Mer. or the Alwinsal Sarcee well 
Esde 4aeceGsecouelps, 334 Reuzow Wascnd Nen.-fnomythe,Lower part of 
the Ashville Formation above the Swan River Group and below the base 
of the Fish Scale Zone within the Ashville Formation. The code 
designation for Alwinsal slides is "A'' while the code designation 
for Southwest Potash slides is "SS". The reader is referred to Appendix 
I for details of specimen locations in the slides. Appendix I also 
contains a summary of preparation and study techniques and appendix 
II consists of a summary lithologic description. 

Species represented by letters, for example A or B, may 
represent new species. However due to the small number of each 
species recovered new species names have not been assigned at this 


time. 


Class DINOPHYCEAE Pascher 


Subclass DINIFEROPHYCIDAE Bergh 


Cyst - Family GONYAULACYSTACEAE Sarjeant and Downie 1966 


Genus GONYAULACYSTA Deflandre ex Norris and Sarjeant 1965 emend. 
Sarjeant 1969 


TYPE SPECIES: Gonyaulacysta jurassica (Deflandre 1964) 
(=Gonyaulax jurassica Deflandre 1938). 


REMARKS: Sarjeant emendedthe generic diagnosis to include 
reference to tabulation and to exclude forms characterized by very 


long sutural spines, or a general spine cover. 
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Note on the term hystrichospheres 


The general term in use for spiniferous fossil phytoplanktonic 
cysts is hystrichospheres. This is derived from Hystrichosphaera 
Wetzel 93a" a name for a fossil form. This is a junior synonym 
of the term Spiniferites Mantell 1850 (Loeblich and Loeblich 1966). 
Wall and Dale (1970) and others have indicated that the modern 
dinoflagellate genus Gonyaulax gives rise to a Hystrichosphaera or 
hystrichosphaerid cysts. The fossil cysts of Gonyaulax design are 
named Gonyaulacysta Deflandre ex Norris and Sarjeant 1965. This 
taxonomic conundrum will have to be handled by the Commission of the 
International Code of Botanical Nomenclature as there is a direct 
conflict between the terms governing the paleobotanical and the modern 
groups. Wall and Dale (1968) suggest that modern names take precedence. 
Likewise the artificial cyst-families fall somewhat outside the code 
and the commission will have to deal with this as well, ultimately. 

Until the commission rules on these matters (supra) the term 
Hystrichosphaera is retained for this work as well as the name 
Gonyaulacysta and the terms applied to higher or derived taxa such 
as Gonyaulacystaceae and Hystrichosphaeraceae. R. Harland (pers. 
comm.) suggests that the modern dinoflagellate cysts be named accord- 
ing to their natural affinities and that fossil dinoflagellate cysts 


(pre-Quaternary) be named according to the form genus concept. 


* Wetzel, O. (1933): Die in organischer Substanz erhaltenen 
Mikrofossilien des baltischen Kreidefeurersteins mit einem 
sedimentpetrographischen und stratigraphischen anhang; 
Palaeontographica, Volie//pand j76.7Pt..A, pp. 47-156. 
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Gonyaulacysta whitei Sarjeant 1966a 


Plate’T; Figure 3. 


1966a Gonyaulacysta whitei Sarjeant, p. 126 - 127, pl. 14, ce by aye ye 


DESCRIPTION: Body outline ovoidal; hypotract rounded; epitract 
rounded extending into an apical horn; plate boundaries marked by 
very fine membraneous crests, densely and finely perforate with 
ragged edges; cingulum broad, ca. 8 microns wide, forming a strong 
leavorotatory spiral; sulcus sigmoidal extending onto the epitract 
and hypotract; body surface finely granulate; wall very thin. 

REMARKS: No archeopyle was observed; crests bordering the 
antapex are indistinct and strong broad spines supporting crests 
that border the antapex, mentioned by Sarjeant, have not been 
observed on these specimens. As the original type species description 
is based on only one specimen, it is felt that these differences may 
lie within the variation encompassed by the species. 

SIZE RANGE: Length 60 to 67 microns; width 47 microns; 
apical horn ca. 8 microns. Number of specimens measured, 2. 

PREVIOUS RECORDS: Cenomanian of England (Sarjeant 1966a). 

LOCALITY OF FIGURED SPECIMENS: Pl. I, Fig. 3: S/5/3 8/99 


Southwest Potash well; depth 1253-1258 feet. 


Genus CRIBROPERIDINIUM Neale and Sarjeant emend. Davey 1969, 
TYPE SPECIES: Cribroperidinium septimum Neale and Sarjeant 1962 
REMARKS ; Cribroperidinium is basically a form of Gonyaulacysta 
which possesses additional crests. Tabulation for the genus is ? 6', 
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the crests Davey found a normal "Gonyaulax" type pattern of 
tabulation could be reconstructed. It is felt more investigation 
is necessary to establish whether the position of the crests is 
stable enough to warrant the designation of Cribroperidinium as a 


genus separate from Gonyaulacysta. 


Cribroperidinium intricatum Davey 1969 
1909) Gerbroperidinium intrecatum Davey wep. 125, pl. 2, figs. 1-3. 
Plate I, Figures 5,6,8. 

DESCRIPTION: Body outline oval; epitract and hypotract 
approximately equal; apical horn subconical, often slightly curved; 
body wall 1 to 1.5 microns thick, densely granular; crests low 
thickenings 2 - 3 microns wide in the antapical region and sometimes 
in other areas forming membraneous, thin, perforate flanges up to 
15 microns high; tabulation is somewhat variable but accords with 
that of the genus; cingulum narrow, 4 - 6 microns wide laevorotatory; 
sulcus mostly developed on the hypotract but extends a short distance 
onto the epitract, it is wider and larger on the hypotract. 

REMARKS: Ornamentation on the plate areas appears to be 
quite variable. 

SIZE RANGE: Length 133 (145) 157 microns; width 94 (112) 124 
microns; length of apical horn ca. 40 microns. Number of specimens 
measured, 5. 

PREVIOUS RECORDS: Rare in British Albian and Cenomanian 
sediments (Davey 1969); ,.recorded from Albian strata of Saskatchewan 


(Davey 1969); ranges from Albian to Lower Cenomanian (Davey 1969). 
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ELOCADET Olen LGURED)S PECIMENSHMEL JoIyisgEkic. 5e0S/27/3 12/96 
Southwest Potash well; depth 1134-1139 feet. Pl. I, Fig. 8: $/43/3 
20.5/99 Southwest Potash well; depth 1040-1045 feet. Pl. I, Fig. 6: 


S/14/3 9/108 Southwest Potash well; depth 1203-1208 feet. 


Cribroperidinium cf. C. muderongensis (Cookson and Eisenack) 
Sarjeant 1966a. 


Plate I, Figures 4,11. 

DESCRIPTION: Body outline suboval to biconical with a long 
slender tapering apical horn capped with a small "lid-like" closing 
platelet; body wall thick, perforate to granular, ornamented with 
numerous short blunt spines or granules, tabulation variable but 
conforms to the genus; sutures thick 1.5-2 microns wide, raised, 
often ornamented with low broad, cone-like projections; crests well 
developed, up to 10 to 12 microns high, thin granular to finely 
perforate membrane; cingulum laevorotatory, ca. 10 microns wide; 
precingular archeopyle. 

REMARKS: Gonyaulacysta perforans (Cookson and Eisenack) Sarjeant 
1966a is similar but has a thin, smooth body surface. Gonyaulacysta 
scotti (Cookson and Eisenack) Sarjeant 1966a differs in having spiney 
outgrowths that are usually fused, forming a delicate membrane and it 
is slightly smaller. The Ashville specimens are slightly larger than 
Cribroperidinium muderongensis (Cookson and Eisenack) Davey 1969. 

PREVIOUS RECORDS: Aptian of Western Australia (Cookson and 
Eisenack 1958). 

LOCALITY OF FIGURED SPECIMENS: Pl. I, Fig. 11: S/43/3 12/98 


Southwest Potash well; depth 1040-1045 feet. Pl. I, Fig. 4: S$/43/3 
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12.5/103 Southwest Potash well; depth 1040-1045 feet. 
Cribroperidinium cf. C. orthoceras Eisenack emend. 
Sarjeant 1966a 
Platesl, ficures 2,7. 

DESCRIPTION: Body outline ovoidal; hypotract rounded; epitract 
of similar size extending into a tapering apical horn; cingulum 
laevorotatory; sulcus present on hypotract extending onto epitract; 
plate areas indistinct due to densely granular surface; large 


precingular archeopyle. 
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SIZE RANGE: Length 78 (90) 92 microns; width 51 (60) 66 microns. 


Number of specimens measured, 8. 

PREVIOUS RECORDS: C. orthoceras (Eisenack 1958) is an abundant 
and characteristic species of the Cretaceous of Europe having a known 
range from upper Valanginian to Turonian. 

LOCALITY OF FIGURE SPECIMENS: Pl. I, Fig. 7: A/10/2 18/105 
ALWwinsal well: depth 13/78-1383 feet. Pl. I, Fig. 2: A/10/3 5.5/113 


Alwinsal well; depth 1378-1383 feet. 


?Cribroperidinium sp. A 
Plates LL. Kigures 15/7. 

DESCRIPTION: Body outline ovoidal; hypotract rounded; epitract 
extending into a broadly based stout, tapering, apical horn; cingulum 
indistinct; body surface coarsely granular making tabulation 
indistinguishable; archeopyle precingular. 

SIZE RANGE: Length 148 - 157 microns; width 103 - 112 microns; 


apical horn 20 - 28 microns. Number of specimens measured, 3. 
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LOGAWITY OF FIGURED SPECIMENS. ‘P1.°11,'=Figels S/14/3 6/97 
Southwest Potash well; depth 1203-1208 feet. Pl. II, Fig. 7: S/14/2 


10/100 Southwest Potash well; depth 1203-1208 feet. 


?Cribroperidinium sp. B 


Plate II, Figures 5,8. 
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DESCRIPTION: Body outline elongated, ovoidal; hypotract rounded; 


epitract larger, tapering towards apex; a sharply delimited apical 


horn; cingulum strongly spiral; body surface coarsely granular. 


REMARKS: This species is smaller than Cribroperidinium sp. A 
and is less robust; the apical horn is more sharply delimited also. 
Although tabulation of the above two species cannot be determined 
completely it resembles that of Cribroperidinium so they have been 
to this genus. 


SIZE RANGE: Length 103 - 120 microns; width 79 - 87 microns; 


length of apical horn 14 - 15 microns. Number of specimens measured, 


LOCALITY OF FICURED) SPEGIMEN: Pl: Ti, Fie. B: $/8/3 655/103 
Southwest Potash well; depth 1235-1240 feet. Pl. II, Fig. 5: $/19/2 


16/108 Southwest Potash well; depth 1181-1186 feet. 


Genus LEPTODINIUM Klement 1960 emend. Davey et al. 1969 


TYPE SPECIES: Leptodinium subtile Klement 1960. 


Hae 


7 _ a 


ae e ) “PT CMTE Yo vrrtA007 










=e 


rT. , ; cys : ijqeh <itew ia 3 wwisuoe ic 
> Ss 


% 


fae3o04% jan woe ooryol i 


. 
arriiqs 
suiluants je7ed 


s 
* 
a ‘itd oF 
- 
. 
- 


Q Per t¢ ae eet ae ‘ Ww jo% jteowlivoa - 
7 


BOr\eL 


a 


MUD ter Papeoe aun 







«OOS Sys (tg alice Prien sd ete 


my a 









ae 


66 


REMARKS; The reflected tabulation of this genus is 3-4', 
OF PacmONee OC ye>e0 we) ip, fOclup.yvoens 10%) Oxxts. It lacks apical median 
and antapical horns, Sutures are typically marked by ridges or low 
crests without spines or denticles. Archeopyle precingular, formed 


by the loss of a single plate, 3". 


Leptodinium cf. L. eumorphum (Cookson and Eisenack) Eisenack 1961 


Plate I, Figure 1. 


DESCRIPTION: Body large, ovoidal; epitract broadly rounded; 
hypotract rounded, narrowing toward the antapex; cingulum helicoidal; 
plates bordered by thin membranes; body surface granulate to 
"“vermiculate'"; antapex ornamented by a high membraneous ridges bordering 


the plates cingulum also bordered by similar membrane. 


REMARKS: Tabulation is similar to that for Gonyaulacysta 
eumorpha (Cookson and Eisenack) Sarjeant 1962 but is not identical; 
G. eumorpha is considerably smaller and Cookson and Eisenack don't 
mention any surface ornamentation on their specimens which differs 


from the distinct sculpture on these specimens. 


SIZE RANGE: Overall length 82 microns; width 64 microns; body 


length 70 microns. Number of specimens measured, 1. 


PREVIOUS RECORDS: L. eumorphum has been recorded from 
Oxfordian to Lower Kimmeridgian and probable Tithonian strata of 
Western Australia (Cookson and Eisenack 1960) and from the (Upper 


Jurassic) Ampthill Clay of England. 
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LOCALITY OF FIGURED SPECIMEN: Pl. I, Fig.1: S/27/1 11/97 


Southwest Potash well; depth 1134-1139 feet. 


Leptodinium delicatum (Davey) Sarjeant et al. 1969 
Plate I, Figure 10. 
1969 @GonyaulacystaydelicatagDavey, piei2z3;;plei1, figst)7.8° 

DESCRIPTION: Body outline subspherical; body wall thin, less 
than 0.5 microns, no apical horn, small circular plate in this 
position; body wall thin and smooth. 

REMARKS: Due to the extremely thin nature of the body wall 
most specimens are distorted and bent, thus tabulation cannot be 
determined easily. 

SIZE RANGE: Length 55 (61) 63 microns; width 51 (57) 64 microns. 
Number of specimens measured, 8. 

PREVIOUS RECORDS: Recorded from the Lower Colorado Group of 
Saskatchewan (Cenomanian) by Davey (1969). 

LOCALITY OF FIGURED SPECIMENS : Ps Fig. 10: S/14/3 14/104 


Southwest Potash well; depth 1203-1208 feet. 


Cyst - Family PAREODINIACEAE Gocht emend. Sarjeant and Downie 1966 
Genus PAREODINIA Deflandre 1947 
TYPE SPECIES: Pareodinia ceratophora Deflandre 1947. 
Pareodinia sp. A 
Platewiggkigure 9. 
DESCRIPTION: Body outline subovate, flask-shaped, apical end 
extending into a slender slightly curved apical horn; antapex 
rounded; no tabulation or cingulum apparent; surface of body faintly 


granulate and possessing a very thin membraneous cover; archeopyle 
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apparently precingular. 

REMARKS; Pareodinia ceratophora Deflandre 1947 is similar but 
is smaller in all occurrences to date, Pareodinia aphelia Cookson 
and Eisenack 1958 is similar in appearance but does not possess a 
membraneous cover. No archeopyle has been noted. 

SIZE RANGE: Length 89 (96) 102 microns; width 43 (51) 59 microns. 
Number of speimens measured, 2. 

LOCALITY OF FIGURED SPECIMENS: Pl. 1; Fig. 9: S/27/3): 17/106 


Southwest Potash well; depth 1134-1139 feet. 


Genus APTEODINIUM Eisenack 1958 


TYPE SPECIES: Apteodinium granulatum Eisenack 1958. 
Apteodinium granulatum Eisenack 1958 
Plates tle pleures 9s) 
1958 Apteodinium granulatum Eisenack, p. 386, pl. 23, fig. 8 to 14. 

DESCRIPTION: Body outline ovoidal; hypotract and epitract about 
equal in size, separated by a circular clearly defined cingulum; 
epitract extends into a short blunt apical horn; archeopyle large, 
apparently precingular in position; body surface densely and coarsely 
granular such that no tabulation is apparent. 

REMARKS: Ashville specimens are longer than the type material 
which has a range in length of 50 to 80 microns and the range of 
breadth listed is 50 to 67 microns. 

SIZE RANGE: Length 60 (77) 99 microns; breadth 52 (62 80 
microns; apical horn ca. 7 microns. Number of specimens measured, 7. 

PREVIOUS RECORD: Upper Hauterivian, upper Baremian and Aptian 


sediments of Germany (Eisenack 1958). 
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LOCALTTY OF! FIGURED SPECIMENS: Pl. IT, Fig. 9: $/22/2 
L225 7101s 5eeSouthwest) Potashtwells depths 1160-1165) feet .~Pilie II,) Fig. 15: 


S/20/2 10/106 Southwest Potash well; depth 1170-1175 feet. 


Genus SPINIDINIUM Cookson and Eisenack 1962b 

TYPE SPECIES: Spinidinium stylonifera (Cookson and Eisenack 
1962. (1962b) 

REMARKS: Stanley (1965) noted that the original description of 
Cookson and Eisenack (1962b) is vague. No mention is made of how 
Spinidinium differs from Deflandrea or Wetzeliella. Stanley noted that 
Deflandrea usually has a smooth outer body wall which differs from 
that of Spinidinium naich is ornamented with spines. He noted also 
that Spinidinium appears to differ from Wetzeliella in lacking the 


characteristic rhombohedral shape of tha genus. 


Spinidinium microceratium Stanley 1965 
Plate [ee Eloure 6t 

1965 Spinidinium microceratium Stanley, p. 227, pl. 22 SeGies 5-6. 

DESCRIPTION: Body outline subovoidal; epitract larger than 
hypotract; apical horn short; antapical horns unequally developed, 
small and short; membrane of outer body thin and folded; cingulum 
distinct, bordered on top and bottom by rows of short spines; 
cingulum free of spines; longitudinal furrow wide, extending from 
the cingulum to antapical horns; body surface granular, ornamented 
by irregularly spaced short spine-like appendages; tabulation present 
but indistinct; archeopyle intercalary. Inner body thin walled; 


almost fills the outer body. 
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REMARKS: This species does not conform totally to the genus 
diagnosis for Spinidinium because it has two antapical horns. This 
form appears to be transitional between the genus Spinidinium and 
the genus Deflandrea. It cannot be placed in Deflandrea at present 
because that genus diagnosis excludes forms ornamented with spines. 

The only notable differences between Spinidinium and Deflandrea 
is the presence of spines ornamenting Spinidinium as opposed to the 
smooth, slightly granular outer surface of Deflandrea and the 
presence of one antapical horn for Spinidinium as opposed to two 
for Deflandrea. 

At present it would appear that ornamentation is the only 
criterion separating Spinidinium microceratium Stanley 1965 from 
Deflandrea and as ornamentation is usually considered a specific 
criterion, the generic diagnosis of Deflandrea might be emended to 
include spinose forms. 

It is interesting to note that Wilson (1967) has assigned 
spine bearing forms with two antapical horns to the genus Deflandrea. 
This at present violates the generic diagnosis for Deflandrea but 
it would seem to indicate he would favor such an emendation. 

SIZE RANGE: Length 51 (58) 66 microns; width 37 (42) 49 microns. 
Number of specimens measured, 14. 

PREVIOUS RECORDS: Stanley (1965) reported Spinidinium microceratium 
from the Paleocene of South Dakota. 

LOCALITY OF FICURED SPECIMEN: P1Y IT, Fig. 6 $/1/1 °6/105 


Southwest Potash well; depth 1278-1283 feet. 
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Genus TRICHODINIUM Eisenack and Cookson emend. 
Clarke and Verdier 1967 

TYPE SPECIES: Trichodinium pellitum Eisenack and Cookson 1960. 

REMARKS: Clarke and Verdier (1967, p. 18) have emendajthe 
generic diagnosis in order to group under the same generic name all 
forms which have a precingular archeopyle, a distinctive sculpture 
consisting of short hairs, spines or flat topped processes, and a 
small apical horn formed by coalescence of hairs or bristles in the 


apical region. 


Trichodinium cf, T. hirsutum Cookson 1965b 


Plate Tien Ficures slo. 11, 14. 


DESCRIPTION: Body outline ovoid, with a short branched 
apical projection; antapical end rounded with a fan shaped 
antapical projection; faint indication of an indistinct equatorial 
cingulum; precingular archeopyle; body membrane ornamented with solid, 
simple or branched pointed short hair-like processes, processes 
longest aa 77 numerous along the margins especially in the region 
of the girdle, short and in small groups on the dorsal surface, on 
the ventral surface processes very small and sparse; longitudinal 
furrow indistinct; body membrane of dorsal surface marked into 
irregularly shaped areas by ridges and the confluence of appendage 
bases, several often running together to form raised thickenings. 

REMARKS: Specimens from the lower part of the Ashville 
Formation are smaller than those described by Cookson (1965b) and 


the equatorial girdle does not appear to be as distinct. 
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Trichodinium intermedium Cookson and Eisenack 1960 differs from this 
species having no antapical projection, and in its shorter, finer 
appendages. 

SIZE RANGE: Overall length 69 (80) 84 microns; width 60 (74) 
79 microns; processes up to 11 microns long. Number of specimens 
measured, 14. 

PREVIOUS RECORDS: Trichodinium hirsutum has been recorded from 
the Paleocene of Australia (Cookson 1965b). 

LOCALITY OF FIGURED SPECIMENS: Pl. II, Fig. 14: $/27/1 
18.5/98.5 Southwest Potash well; depth 1134-1139 feet. Pl. II, Fig. 
11: $/27/3 16.5/93- Southwest Potash well; depth 1134-1139 feet. 
Pieetio fies 10. S/1/1 1895/9725 “Southwest Potash well; depth 1278- 


1283 feet. 


Cyst-Family FROMEACEAE Sarjeant and Downie 1966 
Genus FROMEA Cookson and Eisenack 1958 
TYPE SPECIES: Fromea amphora Cookson and Eisenack 1958. 
Fromea amphora Cookson and Eisenack 1958 
Platetl btkicuned s16: 
1958 Fromea amphora Cookson and Eisenack, p. 56, pl. 5, figs. 1O SEL 
DESCRIPTION: Body outline ellipsoidal; a distinct narrow 
equatorial girdle; apical portion detaches forming an apical arche- 
opyle; body wall relatively thick, surface laevigate, no trace of 
tabulation. 
REMARKS: Specimens from the Ashville closely resemble those 
figured by Cookson and Hughes (1964) from the upper Gault, Greensand 


and Chalk Marl of Britain. 
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SIZE RANGE: Length 77 (93) 107 microns; width 58 (68) 74 microns. 


Number of specimens measured, 9. 

PREVIOUS RECORDS: The presently known range in Australia is 
from Aptian to Cenomanian (Cookson and Hughes 1964); Aptian to 
Cenomanian of Western Australia (Cookson and Eisenack 1958) ; 
Barremian of Germany (Alberti 1961) and the upper Gault, Greensand 
and Chalk Marl of Britain (Cookson and Hughes 1964, .Davey 1969). 

LOCALITY OF FIGURED SPECIMEN: Pl. II, Fig.16: S/6/1 14/108 


Southwest Potash well; depth 1249-1253 feet. 


?Fromea sp. A 
Plate II, Figure 1/7. 

DESCRIPTION: Body outline sac-like; body characteristically 
folded transversely along a line presumably in the position of the 
equatorial girdle; two folds characteristically extend from the 
girdle obliquely converging towards the apical end and extend 
obliquely from the girdle to the antapical end sometimes crossing 
just before reaching the antapex; apical portion detaches to form 
what appears to be an apical archeopyle; body wall thin and faintly 
granulate. 

REMARKS: Fromea amphora Cookson and Eisenack 1958 differs from 
this form in not possessing folds and in having a more distinct 
cingulum. Its body wall is also thicker. The transverse fold is 


interpreted as an equatorial cingulum; otherwise these specimens 


resemble the genus Paleostomatocystis. 


SIZE RANGE: Length 66 (99) 103 microns; width 40 (49) 69 microns. 


Number of specimens measured, 11. 
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LOCALITY OF FIGURED SPECIMEN: Pl. IL, Fig. 17: $/16/3 


13.5/101.5 Southwest Potash well; depth 1249-1253 feet. 


Genus TENUA Eisenack 1958 


TYPE SPECIES: Tenua hystrix Eisenack 1958. 


Tenua sp. A 


Plate’ IT; Figurei 13: 


DESCRIPTION: Body outline subcircular, apical portion 
detaches forming an apical archeopyle3; antapex rounded; surface 
granulate, ornamented with short stiff spine-like appendages; 
no indication of cingulum or tabulation. 

REMARKS: No complete specimens have been observed; it appears 
that opening occurs by detachment of the apex along a zig - zag line 
of dehiscence. Cyclonephelium sp. Baltes 1967 is similar but differs 
mainly in being slightly larger and in the primarily peripheral 
distribution of processes. This specimen is placed in the genus 
Tenua because there is no indication of processes being restricted 
to the margins of the body. 

SIZE RANGE: Length 69 (71) 79 microns; width 51 (56) 64 microns. 
Number of specimens measured, 3. 

LOCALITY OF FIGURED SPECIMEN=)PL. si1l,) Fig. 1395/6) 2987.5/ 1015 


Southwest Potash well; depth 1249-1253 feet. 
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Cyst-Family CANNINGIACEAE Sarjeant and Downie 1966a 


Genus CANNINGIA Cookson and Eisenack 1960b 


TYPE SPECIES: Canningia reticulata Cookson and EFisenack 1960. 
(1960b) 


Canningia colliveri Cookson and Eisenack 1960b 
Plate II, Figure 2. 


For synonymy see Clarke and Verdier (1967, p. 20). 


DESCRIPTION: Body outline pentagonal, widest at the equator ; 
antapex with two antapical projections, unequal, one very short and 
blunt, the other more conical and longer; apical portion detaches 
forming an apical archeopyle with a zig-zag margin; body wall thin, 
faintly granulate to sparsely spinose; no tabulation apparent except 
for an indication that post-cingular plates are present due to small 


slits at the edge of the archeopyle. 


SIZE RANGE: Length without apical portion 78 (88) 97 microns; 
width 71 (83) 94 microns. Number of specimens measured, 1. 

PREVIOUS RECORDS: Aptian of Australia (Cookson and Eisenack 
1960b; Eisenack and Cookson 1960; Turonian on the Isle of Wight 
(Clarke and Verdier 1967); Aptian to middle Albian of the Mannville 
Group of Alberta (Singh 1964). 

LOCALITY OF FIGURED SPECIMEN: Pl. II, Fig. 2: $/43/2 11/99.5 


Southwest Potash well; 1040-1045 feet. 
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Canningia cf. C. reticulata Cookson and Eisenack 1960b 


Plate II, Figure 12. 


DESCRIPTION: Body outline roughly pentagonal with straight 
to convex sides; hypotract with two unequally developed antapical 
projections with an intervening basal indentation; cingulum faintly 
denoted by a less densely ornamented area slightly above the equator; 
shell membrane densely ornamented by a fine reticulum,thick walled, 
no tabulation apparent but plates indicated by the zig-zag margin 
of the apical archeopyle. 

REMARKS: This specimen is smaller than Australian forms that 
range from 94 - 108 microns X 74 - 98 microns. 

SIZE RANGE: Length (without apical portion) 62 microns; width 
66 microns. Number of specimens measured, l. 

PREVIOUS RECORDS: Canningia reticulata has been found in 
sediments of probable Turonian age in Australia (Cookson and Eisenack 
1960b) ; Cenomanian on the Isle of Wight (Clarke and Verdier 1967). 

LOGALUTY OF SFIGURED SPECIMEN-\ Pl. IL, Fic. 12: .S/10/1 J1/105 


Southwest Potash well; depth 1225-1230 feet. 


Genus BROOMEA Cookson and Eisenack 1958 
TYPE SPECIES: Broomea ramosa Cookson and Eisenack 1958. 
Broomea jaegeri Alberti 1961 
Plate II, Figures 3,4. 
1961 Broomea jaegeri Alberti, p. 26, pl. 5, figs. 1-/. 
1962 Pseudoceratium gochtii Pocock, p. 79, pl. 14, figs. 213-214. 


1964 Pseudoceratium gochtii Pocock in Singh, p. 145, pl. ZO tLe, vhs 
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DESCRIPTION: Body outline roughly ellipsoidal, longer than 
broad; apex prolonged into a long slender apical horn; antapex 
rounded with two short pointed antapical horns of unequal length, 
one about one half as long as the other; no cingulum or longitudinal 


furrow developed; body wall thin, granulate; archeopyle apical. 


REMARKS: A polygonal plate-like area outlined by small fissures 


occurs in the body wall of the apical portion of the body in some 
specimens. This feature is comparable to ones present on the 

figures of Alberti (1961) and probably indicates presence of 
tabulation. No other evidence of tabulation is present. Another 
feature is a small circular area in the hypotract where the body wall 
is very thin; the function or significance of this feature is not 
known. These specimens extend to known length range. 

SIZE RANGE: Overall length 83 (133) 180 microns; width 30 
(35) 37 microns; apical horn up to 77 microns. Number of specimens 
measured, 4, 

PREVIOUS RECORDS: Lower and Upper Cretaceous of western Canada 
(Pocock 1962); Lower Cretaceous of Alberta (Singh 1964); upper 
Barremian of Germany (Alberti 1961). 

LOCALITY OF FIGURED SPECIMENS: P1. TI, Fig. 3: S/43/3 11/98.5 
Southwest Potash well; depth 1040-1045 feet. Pl. II, Fig. 4: S$/14/3 
14.5/98 Southwest Potash well; depth 1203-1208 feet. 

Cyst-Family HYSTRICHOSPHAERIDIACEAE Evitt emend. 
Sarjeant and Downie 1966 
Genus HYSTRICHOSPHAERIDIUM Deflandre emend. Davey and Williams 1966b 


TYPE SPECIES: Hystrichosphaeridium tubiferum (Ehrenberg) 
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Deflandre 1937 (=Xanthidium tubiferum Ehrenberg 1938). 

REMARKS: Davey and Williams (1966b) have emended the generic 
diagnosis to include subspherical chorate cysts possessing a 
reflected tabulation of 4' (-5'),6", 6c, 5-6"', lp, 1'"' and a variable 
number of sulcal processes. The processes are hollow, open distally, 
intratabular and there is generally only one process per plate area. 
The number of processes rarely exceeds 30. The archeopyle is apical. 

Hystrichosphaeridium possesses 6 cingular processes in contrast 
to Oligosphaeridium which has none. 

Hystrichosphaeridium salpingophorum (Deflandre) emend. 

Davey and Williams 1966b. 
Plate Itv. Figures 12. 
For synonymy see Davey and Williams (1966b, p. 61). 

DESCRIPTION: Central body subspherical with numerous processes; 
processes tubiform or expanding slightly distally, distal margins 
denticulate; granular endophragm and smooth periphragm. 

REMARKS: H. salpingophorum (Davey and Williams 1966b) is 
slightly larger than these specimens. 

SIZE RANGE: Diameter of body 30 (34) 37 microns; length of 
processes 13 - 17 microns. 

PREVIOUS RECORDS: Reported from the Eocene London Clay 
(Davey and Williams 1966b); and Senonian of France (Deflandre 1936b). 

LOCALITY OF FIGURED SPECIMENS: Pl. III, Fig. 1: S/16/2 9/95.5 
Southwest Potash well; depth 1196-1198 feet. Pl. II, Fig. 2: $/27/3 


12/96 Southwest Potash well; depth 1134-1139 feet. 
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Hystrichosphaeridium stellatum Maier 1959 


Plate III, Figures 3,4. 
For synonymy see Clarke and Verdier (1967, p. 55). 

DESCRIPTION: Central body ovoidal to subsphaerical; wall 
smooth, bearing about 18 cylindrical tubular processes that flare 
distally, margins of processes aculeate to denticulate, one larger 
antapical process with a fenstrate distal margin. 

SIZE RANGE: Diameter of body 34-36 microns; length of 
processes up to ca. 18 microns. Number of specimens measured, 4. 

PREVIOUS RECORDS: Hauterivian of northern Germany (Gocht 1959). 
Albian of Rumania(Baltes 1967),Albian to Cenomanian of Australia 
(Cookson and Eisenack 1962a), upper Albian to lower Cenomanian of 
England (Cookson and Hughes 1964), middle Oligocene and middle Mi- 

ocene of northwestern Germany (Maier 1959). 

LOCALITY OF FIGURED SPECIMENS: Pl. III, Fig. 3: A/17/1 
20/108" *Alwinsal®well? depth@l338=1343"feerr PIS LIT, Fig. 47° S/14/2 
7/97 Southwest Potash well; depth 1203-1208 feet. 


Genus CLEISTOSPHAERIDIUM Davey, Downie, Sarjeant and Williams 
1966 


TYPE SPECIES: Cleistosphaeridium diversispinosum Davey et al. 
1966. 


?Cleistosphaeridium aciculare Davey 1969 
Plate III, Figure 5. 
1969 ?Cleistosphaeridium aciculare Davey, p. 158, pl. 6, figs.11,12. 
DESCRIPTION: Central body subspherical to oval; wall densely 
granular bearing numerous fine accuminate spines, less than one third 


of shell diameter in length; no tabulation or cingulum is apparent ; 











; ~ oar 
, (06% A : : Y bas ain if) ona qaunonge to% ~] 
ayine) :<worITerIsoed | 7 


ma 
7 a oo 
1 2 g barder: tivo BY tuode- antseod. .dd00nm My 


- 


. : me se - 
Py: r hb © HO07G 20 BH.ly) TAM witetelb . 


. - : P ‘ \ a e — , nw - * 
? of 16 f nue } 5 4 soi gs ine 
r 7c 5 
£2 03, qY agasganotg 
- ry; j iy ee 
- i Versi ss 
’ 


_ - 
< : ©) an9a0" 
i] 
DTU WW VETIUADOT 
oa nes : : a a et ey 
ae ott - - Pi ° 5 tie $ ool Los y 
7 - 


writnaod | Yeyy 






7 EL tka co oq hel Gg ywevadl op luatog miukbk vepelg ode h 
—_ ; ‘ a7 iad _ - rie es ar 
aol 


: se As} . _ mi. 
evo. ot Jeobye fdue “ood Inetnad 
i 7a ; : 7 { 





ch smal tte - 


a : : 
. +149 oe . if bares e ¢ ghiy eo ea - 
ecel ,nankye Sdenkesot of22 esoane 


80 


no archeopyle observed. 

REMARKS: No archeopyle has been observed in specimens of this 
study and none was observed by Davey (1969). 

SIZE RANGE: Diameter of central body 45 (54) 80 microns, 
length of processes ca. 8 microns. Number of specimens measured, 4. 

PREVIOUS RECORDS: Recorded from Albian and Cenomanian strata 
of the Colorado Group of Saskatchewan by Davey (1969). 

LOCALITY OF FIGURED SPECIMEN: Pl. III, Fig. 5: A/13/3 
13/108.5 Alwinsal well; depth 1363-1368 feet. 

Cleistosphaeridium polypes (Cookson and Eisenack) Davey 1969 
Plate ITLL, Figure 9. 
For synonymy see Davey (1969, p. 154). 

DESCRIPTION: Central body spherical to subspherical with more 
than 50 smooth hollow appendages which taper distally but remain 
open; in the distal 1/4 to 1/3 of their length occurs a whorl of 
small closed pointed processes; body surface granular, no indication 
of tabulation, cingulum or archeopyle. 

REMARKS: Cleistosphaeridium polypes (Cookson and Eisenack) 
Davey resembles Cordosphaeridium erectum (Manum and Cookson) Davey 
and Williams but according to Manum and Cookson (1964), C. erectum 
has more processes; the processes are shorter, wider and the ends 
are considerably longer and branch more than those of Hystrichosphaer- 
idium recurvatum subsp. polypes (Cookson and Eisenack 1962a). The 
processes of C. erectum are more upright and do not have such a 
recurving tendency as Cleistosphaeridium polypes. The overall 
diameter of these species ranges slightly lower than those of 


Cookson and Eisenack (1962a). 
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STZE RANGE: Overall diamter 47 (73) 94 microns; diameter of 


central body 38 (46) 56 microns; length of processes up to T/ microns. 


Number of specimens measured, 9. 

PREVIOUS RECORDS: Aptian to ? Cenomanian of Australia (Cookson 
and Eisenack 1962a), middle and upper Cenomanian of England, 
(Cenomanian) Woodbine of Texas and Cenomanian strata of Saskatchewan 
Davey 1969). 

LOCALITY OF FIGURED SPECIMEN: Pl. III, Fig. 9: $/25/1 


13/104 Southwest Potash well; depth 1144-1149 feet. 


Cleistosphaeridium sp. A 


Plates til eeieures.6,/. 

DESCRIPTION: Body outline ellipsoidal to suboval; thin smooth 
endophragm and thin smooth periphragm which forms the processes; 
processes hollow, tapering, patulate, masking any indication of 
tabulation; archeopyle apparently apical. 

REMARKS: These specimens resemble Cleistosphaeridium polypes 
(Cookson and Eisenack) Davey 1969, but the outline of the body is 
typically more ellipsoidal compared to the circular to subcircular 
body of C. polypes. 

SIZE RANGE: Length of body 64-72 microns; breadth of body 
40-44 microns; length of processes ca, 16 microns. Number of 
specimens measured, 2. 

LOCALITY OF FIGURED SPECIMENS: Pl. III, Fig. 7: S/1/3. 107105 
Southwest Potash well; depth 1278-1283 feet. Pl. III, Fig,6 ws) 5/3 


19.5/106 Southwest Potash well; depth 1253-1258 feet. 
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Cleistosphaeridium sp. B 


Plate TTl, Picures’ So 12, 

DESCRIPTION: Body outline ovoidal to subovoidal; wall thin, 
smooth, bearing numerous long, fine spines, spines closed and 
pointed distally; archeopyle apical; no tabulation apparent. 

REMARKS: Specimens resemble ?Cleistosphaeridium parvum 
Davey 1969 but are much larger. 

SIZE RANGE: Overall diameter 41 (66) 86 microns; diameter of 
central body 37 (46) 56 microns. 

LOCALITY OF FIGURED SPECIMENS: Pl. III, Fig. 8: S/5/1 
12/96.5 Southwest Potash well; depth 1253-1258 feet. Pl. III, 


Fig. 12: §/28/3 6/107 Southwest Potash well; depth 1129-1134 feet. 


Genus CORDOSPHAERIDIUM Eisenack emend. Davey and Williams 1966b 

TYPE SPECIES: Cordosphaeridium inodes (Klumpp) Eisenack 1963 

(=Hystrichosphaeridium inodes Klumpp 1953). 

REMARKS: Cordosphaeridium differs from related genera in the 
form of the archeopyle which has the shape of a convex triangle with 
rounded corners. 

The genus was proposed by Eisenack (1963) for forms possessing 
characteristically fibrous processes. Davey and Williams (1966b) 
consider tabulation a more diagnostic feature for generic diagnosis 
than fibrosity of the processes which is very variable within the 
genus. 

The reflected tabulation for the genus is 1', 6", 6c, 6"', 


(1p), 1" and a variable number of sulcal processes. 
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Cordosphaeridium cf. C. inodes (Klumpp) Eisenack 1963 


Platewlil, pereures’ 10,11; 


DESCRIPTION: Body outline subspherical; body wall fibrous 
bearing short fibrous processes; processes buccinate, hollow, open 
distally; tabulation not apparent; no cingulum indicated; archeopyle 
with the shape of a convex triangle, probably precinguhar. 

SIZE RANGE: Diameter of body 34 (36) 39 microns; length of 
processes up to 9 microns. Number of specimens measured, 5. 

PREVIOUS RECORDS: Cordosphaeridium inodes (Klumpp) Eisenack 1963 
has been recorded from the (Eocene) London Clay (Davey and Williams 
1966b) and from the Isle of Wight in sediments ranging in age from 
lower Eocene to middle Miocene; recorded from the Eocene of Germany 
(Klumpp 1953). 

LOCALITY OF FIGURED SPECIMENS: Pl. IIL, Fig. 10? S/23/2 
15/1 O.58 Southwest Potasn wel l:*depthelis5s-flo@"feet. Pl. IIL, Fig.il: 


A/18/1 8.5/110 Alwinsal well; depth 1333-1338 feet. 


Cordosphaeridium cf. C. multispinosum Davey and Williams 1966b 
Plate III, Figure 13. 

DESCRIPTION: Body outline subspherical to ovoidal; endophragm 
fibrous with many, often fibrous, processes; processes tapering, open 
or closed distally, some branching distally, some fine, accuminate; 
processes arranged in rows with tabulation typical of the genus; 
appear to be 2 processes per plate area and sometimes Bs apical 


archeopyle with an uninterrupted margin. 
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REMARKS: C. multispinosum Davey and Williams 1966b has more 
than 45 short fibrous processes while these specimens have processes 
which are longer, slightly less fibrous and sometimes branched 
distally. It is not apparent if processes are arranged in rows from 
apex to antapex or not. 

SIZE RANGE: Diameter of central body 42-44 microns; length of 
processes up to 20 microns. Number of specimens measured, 2. 

PREVIOUS RECORDS: Cordosphaeridium multispinosum has been 
recorded from the Eocene London Clay (Davey and Williams 1966b). 

HOGAMITYOOr! RIGUREDESPECIMEN: Pl. ITT, Fie. 13- 6/2/3 6/9725 


Southwest Potash well; depth 1268-1273 feet. 


Genus CORONIFERA Cookson and Eisenack emend. Davey 1969 
TYPE SPECIES: Coronifera oceanica Cookson and Eisenack 1958. 
Coronifera cf. C. oceanica Cookson and Eisenack 1958 
Pilatesitr.  ELeures, 14515. 

DESCRIPTION: Body outline subspherical to subovoidal; body 
thin walled, bearing hollow processes with lengths about one quarter 
of the body width, processes weak, open or closed distally, bifurcate 
or trifurcate; a larger tabular process at the antapex, cylindrical, 
hollow, open distally with a denticulate margin; apical process 
branched; archeopyle apical. 

REMARKS: Specimens of C. oceanica described by Davey (1969) 
have processes which are distally closed and joined by low crests. 
Specimens fram the lower part of the Ashville Formation have 
processes which are open or closed distally and some specimens do 


not appear to have the low membranes joining the processes. 
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SIZE RANGE: Overall diameter 36 (57) 75 microns; diameter 
of the central body 36 (42) 45 microns; maximum length of processes 
ca. 18 microns. Number of specimes measured, 7. 

PREVIOUS RECORDS: Upper Aptian of Germany (Eisenack 1958), 
Albian of Western Australia (Cookson and Eisenack 1958); upper Gault 
and Greensand of England (Cookson and Hughes 1964); Cenomanian and 
Albian of Britain and Albian of the Lower Colorado Group of 
Saskatchewan (Davey 1969). The known age range is from upper Aptian 


to Cenomanian (Davey 1969). 


LOCAL LOY OF er IGUREDP SPECIMENS =a PLe Til, Fie) 145°S/5/3° 11.5/107 


Southwest Potash well: “depth, 1253-1258) feet. Pl. TTI, Fie. 15:,S/7/1 


12/104 Southwest Potash well; depth 1240-1245 feet. 


Genus HYSTRICHOKOLPOMA Klumpp emend. Williams and Downie 1966 


TYPE SPECIES: Hystrichokolpoma cinctum Klumpp 1953. 


Hystrichokolpoma unispinum Williams and Downie 1966 


Plater. Ficures: 20,21: 
1966a Hystrichokolpoma unispinum Williams and Downie, p. 179, 
Dleee sec Leer Os) 

DESCRIPTION: Central body subspherical with thin smooth 
endophragm continuous beneath processes, and thin smooth periphragm; 
processes of periphragm smooth to perforate, hollow buccinate and 
lagenate; tabulation typical of the genus. 

SIZE RANGE: Diameter of central body 42 (53) 56 microns; 
length of processes up to 32 microns; width of processes 3-18 microns. 


Number of specimens measured, 4. 
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PREVIOUS RECORDS: (Eocene) London Clay of Britain (Williams 


and Davey 1966a). 
LOCALITY OF FIGURED SPECIMENS: Pl. “III, Fig.°21: A/17/1 
Dy) / 95° Alwinsal wells) depth 1338-0349 "feet. 0 Ple ITl) Tig: 20: 


A/5/1 2/106.5 Alwinsal well; depth 1403-1408 feet. 


Genus LITOSPHAERIDIUM Davey and Williams 1966b 

TYPE SPECIES: Litosphaeridium siphoniphorum (Cookson and 
Eisenack) Davey and Williams 1966 (1966b) (=Hystrichosphaeridium 
siphoniphorum Cookson and Eisenack 1958). 

REMARKS: The inferred tabulation for the genus is 3', 6" 


] 


Selig | a owith. a variaple number of sulcal processes. 


Litosphaeridium siphoniphorum (Cookson and Eisenack) emend. 
Davey and Williams 1966b 


PlatesliLericures! 7. 


1958 Hystrichosphaeridium siphoniphorum Cookson and Eisenack, p. 
Dla beec tose o-1LOe 


1963) Hystrichokolpoma sp.) Bb. Balites.,~p. 3675" ple 6, figs. 6-8. 


1963 siyelceichokolpomassp. Awe balces, pp. D574 ple 6, Ligs = 5 


1964 Hystrichosphaeridium siphoniphorum Cookson and Fisenack in 
Gooksons and Hueches, fp.) fa, pls 97 sbie. LS. 


1966b Litosphaeridium siphoniphorum (Cookson and Eisenack) Davey 
anc wi! biams, pe cO..'p mere Lies. t/s On 


1969 Litosphaeridium siphoniphorum (Cookson and Eisenack) Davey 
andi Willtansein Davey, po.) L48y pl. 6, fies. 3,4. 


DESCRIPTION: Outline of central body subspherical, with a 
thin endophragm and a thick reticulate periphragm; processes of 


smooth thin periphragm, cylindrical to subconical with slightly 


44, 
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serrate distal margins; no archeopyle observed; inferred tabulation 
as for genus. 

REMARKS: These specimens possess the thick reticulate 
periphragm possessed by Litosphaeridium siphoniphorum Cookson and 
Eisenack 1958. 

SIZE RANGE: Diameter of central body 39 (51) 67 microns; 
length of processes up to 17 microns. Number of specimens measured, 4. 

PREVIOUS RECORDS: Upper Albian to lower Cenomanian of England 
(Eisenack 1958); probable Albian of Britain (Davey and Williams 1966b); 
(Albian) Lower Colorado of Saskatchewan; the (Cenomanian) upper 
Woodbine Formation of Texas (Davey 1969). 

LOCALITY OF FIGURED SPECIMEN: Pl. III, Fig. 17: S/16/3 


17/102.5 Southwest Potash well; depth 1196-1198 feet. 


Litosphaeridium sp. A 


Plares live Ficures oO. 15. 


1967 Hystrichosphaeridium siphoniphorum Cookson and Eisenack in 
Clarkes ouda Verdier ape Sip l. e111) eiiess. 1. 2.. 


1967 Hystrichosphaeridium siphoniphorum Cookson and Eisenack in 
Balees, oe oo0y pln 4. Ties Lao. 


DESCRIPTION: Subspherical central body composed of thin 
endophragm and thin faintly granular to smooth periphragm; processes 
composed of smooth periphragm, cylindrical to subconical, open 
distally, margin slightly serrate; no archeopyle observed; reflected 
tabulation characteristic of genus. 


REMARKS: These specimens do not possess the thick reticulate 
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periphragm of Litosphaeridium siphoniphorum Cookson and Eisenack 
1958. Specimens figured by Clarke and Verdier (1967) and by Baltes 
(1967) do not show the presence of a thick reticulate periphragm; 
and appear to be the same as the species described here. 

SIZE RANGE: Overall diameter 37 microns; body diameter 26 
microns; length of processes up to 9 microns. Number of specimens 
measured, l. 

PREVIOUS RECORDS: Specimens figured by Clarke and Verdier 
(1967) come from Cenomanian sediments of Britain; those figured by 
Baltes (1967) come from Albian sediments of Rumania. 

LOGART EY OBet IGUREDESPECIMENS “WP Paall iy Fieyy1659»S/25/2 
10.5/105.5 Southwest Potash well; depth 1144-1149. Pl. III, Fig. 


18: $S/16/3 11/107.5 Southwest Potash well; depth 1196-1198 feet. 


Genus OLIGOSPHAERIDIUM Davey and Williams 1966b 
TYPE SPECIES: Oligosphaeridium tubiferum (White) Deflandre 
1946 (= Xanthidium tubiferum complex White 1842). 
REMARKS: The reflected tabulation for this genus is 4', 6", 
5-6"', lp, 1'". It possesses no cingular processes. The number of 


processes isnever more than 18. 


Oligosphaeridium albertense (Pocock) Davey and Williams 1966b 
Plate iia Kicuress 1922, 


1962 Hystrichosphaeridium albertense Pocock, p. 82, pl. 15, figs. 
2268227) 


1964 Hystrichosphaeridium albertense Pocock in Singh, p. 138, pl. 18, 
Pion Oronly. 


1966b Oligosphaeridium albertense (Pocock) Davey and Williams, p. 77. 
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DESCRIPTION: Body outline subcircular; endophragm and 
periphragm thin and smooth; processes formed of periphragm, hollow 
infundibular, flaring and fenestrate distally; no cingular processes; 
tabulation typical of genus; apical archeopyle. 

SIZE RANGE: Diameter of body 56 (62) 64 microns; length of 
processes 20 (25) 28 microns. Number of specimens measured, 9. 

PREVIOUS RECORDS: Lower? to middle Albian of the Mannville 
Group of Alberta (Singh 1964 ); reported also from the Lower 
Cretaceous Garbutt Formation of northern Canada. (Pocock 1962). 

LOCALITY OF FIGURED SPECIMENS; Pl. III, Fig. 22: A/5/3 
17/99 Alwinsal well; depth 1405-1408 feet. Pl. III, Fig. 19: 


S/10/1 10.5/108.5 Southwest Potash well; depth 1225-1230 feet. 


Oligosphaeridium anthophorum Cookson and Eisenack 1958 


Plates,iIV, Eileures: 153. 
For synonymy see Davey (1969, p. 147). 

DESCRIPTION: Body outline subspherical to suboval; body 
wall smooth to slightly granular; processes hollow, buccinate to 
infundibular, distally flared and perforate; distally margins 
usually entire; complete specimens possess 18 processes reflecting 
tabulation characteristic of the genus; the first post cingular 
(1"™") and the posterior intercalary (lp) process are reduced often. 

SIZE RANGE: Diameter of central body 41 (47) 49 microns; 
maximum length of processes 22 (32) 37 microns. Number of specimens 


measured, 5. 
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PREVIOUS RECORDS: Upper Jurassic-Lower Cretaceous of 
Australia (Cookson and Eisenack 1958); upper Barremian to Albian 
of Germany (Eisenack 1958); Albian of Saskatchewan (Davey 1969). 

LOCALITY OF FIGURED SPECIMENS: Pl. IV, Fig. 3: A/13/2 
14/104 Alwinsal well; depth 1363-1368 feet. Pl. IV, Fig. I: A/5/1 


18/102 Alwinsal well; depth 1403-1408 feet. 


Oligosphaeridium complex (White) Davey and Williams 1966b 
Plate IV, Figures 2,4-6. 
For synonymy see Davey (1969, p. 146). 

DESCRIPTION: Central body subspherical to ovoidal; periphragm 
of central body smooth to slightly granular; processes composed of 
periphragm, cylindrical most of their length, with expanded funnel 
shaped distal openings, margin aculeate, the aculei simple or 
branched, orthogonal, patulate or recurved; processes smooth to 
faintly fibrous; reflected tabulation as for genus; archeopyle apical 
with a zig-zag margin. 


SIZE RANGE: Diameter of central body 37 (43) 52 microns; 
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length of processes up to 28 microns. Number of specimens measured, 14. 


PREVIOUS RECORDS: Upper Valanginian to Aptian of Germany 
(Eisenack 1958, Gocht 1959); Lower and Upper Cretaceous of Australia 
(Deflandre and Cookson 1955, Cookson and Eisenack 1958); upper Albian 
to Senonian of England (White 1842, 1844; Cookson and Hughes 1964) ; 
Cenomanian of France (Firtion 1952); Albian and Turonian of Britain, 
Albian and Cenomanian of Saskatchewan (Davey 1969) and Barremian, 
Neocomian and Eocene of Britain (Davey and Williams 1966b); known 


range Neocomian to Eocene, 
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LOCAL TIY OFSFICURED*SPECIMENS'? PU IVe°Fig. 2s $/25/2 
12/110 Southwest Potash well; depth 1144-1199 feet. Pl. IV, Fig. 5: 
§/14/2 5/102.5 Southwest Potash well; depth 1203-1208. Pl. IV, 
Fig. 6: $/1/3 12/111 Southwest Potash well; depth 1278-1283. 
Piel pabe eee / 16 / e905 (96 soe outhwest -Potash wel ljedepth 
1196-1198 feet. 

Oligosphaeridium pulcherrimum (Deflandre and Cookson) Davey 

and Williams 1966b 
Plate IV, Figures 7,8. 
1955 Hystrichosphaeridium pulcherrimum Deflandre and Cookson, 

p. (2708tpl aell ide D686. 


1966b Oligosphaeridium pulcherrimum (Deflandre and Cookson), Davey 
Srdawt iitamnses pre vo spies 10s t15..95) pl. 11, fig’ 5, 


DESCRIPTION: Outline of central body oval; endophragm thin 
and smooth; periphragm thin and smooth; processes cylindrical most 
of their length becoming infundibular and fenestrate at the distal 
end; distal margin of processes aculeate and patulate; processes of 
variable diameter;the lp process smaller than the rest; reflected 
tabulation conform to that of genus; archeopyle apical with a zig-zag 
margin. 

REMARKS: Some specimens appear to be transitional forms between 
OQ. pulcherrimum (Deflandre and Cookson) Davey and Williams 1966b and 
OQ. complex (White) Davey and Williams 1966b in that the distal ends 
of the processes on some specimens are fenestrate, perforate and 
aculeate while on others they are not perforate or fenestrate but 
only aculeate. This fact makes separation into two distinct and 


separate species difficult. More detailed study is needed to determine 
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whether a reliable separation of the two species can be made or 
whether the features are truly transitional and should be considered 
to represent one species, Deflandre and Cookson (1955) and Davey and 
Williams (1966b) have encountered this problem also. 

SIZE RANGE: Diameter of central body 33 (42) 55 microns; 
length of processes up to 37 microns. Number of specimens measured, 
16. 

PREVIOUS RECORDS: Wealden of Belgium (Delcourt and Sprumont, 
1957, 1959), Cretaceous of France (Valensi 1955); Lower Cretaceous 
of Australia (Deflandre and Cookson 1954, 1955); Cenomanian of 
England (Clarke and Verdier 1967) and (Eocene) London Clay of 
England (Davey and Williams 1966b). 

LOCALITY OF FIGURED SPECIMENS: Pl. IV, Fig. 8: $/29/1 
5/107 Southwest Potash well; depth 1149-1150 feet. Pl. IV, Fig. i= 


A/5/1 6.5/105 Alwinsal well; depth 1403-1408 feet. 


Oligosphaeridium reticulatum Davey and Williams 1966b 
Plate IV, Figures 9-11,14. 
1966b Oligosphaeridium reticulatum Davey and Williams, p. 74, 
Deel eee d Cee LO: 

DESCRIPTION: Central body subspherical with a finely 
reticulate endophragm; periphragm of processes smooth to slightly 
fibrous; processes simple, cylindrical, expanding distally and 
terminating with an aculeate, patulate to recurved margin; width of 
processes variable; reflected tabulation typical of the genus; 


archeopyle apical with a zig-zag margin. 
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REMARKS ; Hystrichosphaeridium albertense Singh 1964, 

p. 138, pl. 18, fig. 7) is very similar to these specimens; the 
only notable difference is that the central body is described as 
smooth whereas Oligosphaeridium reticulatum has a finely reticulate 
endophragm. 

SIZE RANGE: Diameter of central body 47 (48) 52 microns; 
length of processes up to 28 microns.Number of specimens measured, 4. 

PREVIOUS RECORDS: Reported from the Cenomanian of Britain 
(Davey and Williams 1966). 

ROCA EI POL FIGUREDIGPECIMENS s5Ple IV, Fies 10> 9S/7/2 
23/104.5 Southwest Potash well; depth 1240-1245 feet. Pl. IV, Fig.1l1: 
S/2/2 6/104 Southwest Potash well; depth 1268-1273. Pl. IV, Fig. 9: 
A/5/3 14/95 Alwinsal well; depth 1403-1408 feet. Pl. IV, Fig. 14: 


A/5/1 13.5/108.5 Alwinsal well; depth 1403-1408 feet. 


Genus POLYSPHAERIDIUM Davey and Williams 1966b 


TYPE SPECIES: Polysphaeridium subtile Davey and Williams 1966. 
(1966b) 


REMARKS: The number of processes per plate area is greater 
than one. Processes are hollow and can be open or closed distally. 
The archeopyle, if present, is apical with an angular margin. 
Reflected tabulation is difficult to interpret because of the large 
number of processes but is basically the same as Hystrichosphaeridium 


tubiferum (Ehrenberg). 
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Polysphaeridium sp. A 


Plate IV, Figure 13. 


DESCRIPTION: Body outline ovoidal to subspherical, composed 
of smooth endophragm and granular periphragm; processes are tubiform 
to buccinate with an entire distal margin, two processes per plate 
area; archeopyle apical; tabulation probably 4", 6c, ADgS Was 

REMARKS: Polysphaeridium pumilum Davey and Williams 1966p is 
similar but the length of its processes are less than half the maximum 
diameter of the central body and also the central body is smooth. 

SIZE RANGE: Overall length 56 microns; overall width 43 microns; 
length of processes up to 13 microns.Number of specimens measured, 2. 

LOCALITY OF FIGURED SPECIMEN: Pl. IV, Fig 13: S/16/3 17/98.5 


Southwest Potash well; depth 1196-1198 feet. 


Genus PROLIXOSPHAERIDIUM Davey et al. 1966 
TYPE SPECIES: Prolixosphaeridium deirense Davey et al. 
1966. 
REMARKS: Mesozoic dinoflagellate cysts with an elongate central 
body and an apical archeopyle. The number of processes exceeds 30 and 


processes are closed or open distally. 


Prolixosphaeridium sp. A 


Plat éeiVeeeisure- 127 
DESCRIPTION: Body outline elongate ovoidal to elliptical; 
apical portion lost in formation of an apical archeopyle; antapical 
end rounded with two prominent spines; remaining processes form rows 


(about 6) encircling the body; possible cingulum indicated by a larger 
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gap between the third and fourth rows of processes; processes 
closed, tapering distally to a point, simple or bifurcate; surface 


of body granulate. 


REMARKS: Prolixosphaeridium deirense Davey et al. 1966 
differs from Prolixosphaeridium sp. A in bearing a dense cover of 
short spinelets and is smaller. P. granulosum (Deflandre) Davey et al. 
1966 differs in having fewer processes and only one antapical process. 
SIZE RANGE: Overall length (without apical portion) 88 microns; 
length of central body 66 microns; breadth of central body 36 microns; 
length of processes up to 20 microns. Number of specimens measured, l. 
LOCALITY OF FIGURED GPECIMEN Sal Dine lV) Rig, 12. S/27/3. 7.5/105 


Southwest Potash well; depth 1134-1139 feet. 


Genus SYSTEMATOPHORA Klement 1960 


TYPE SPECIES: Systematophora areolata Klement 1960. 
Systematophora schindewolfi (Alberti) Neale and Sarjeant 1962 
Plate Vy, Fisure 7. 


For synonymy see Sarjeant (1966b, p. 209). 


DESCRIPTION: Central body spherical to subspherical; surface 
faintly granular, bearing numerous fenestrate, flared, cylindrical 
processes, processes very fine and lace-like, processes plate 
centered reflecting tabulation typical for the genus; no archeopyle 


observed. 


REMARKS: This species is distinguished by the lace- like 


nature of the processes. Only one complete specimen was observed. 
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SIZE RANGE: Overall diameter 114 microns; diameter of central 
body 60 microns; length of processes 25-30 microns. Number of 
specimens measured, l. 

PREVIOUS RECORDS: Upper Barremian to ?Senonian of Germany 
(Alberti 1961); middle Barremian of Britain (Sarjeant 1966b). 

LOCALITY OF FIGURED SPECIMEN: Pl. V, Fig. 7: S/16/1 23/108.5 


Southwest Potash well; depth 1196-1198 feet. 


Genus TANYOSPHAERIDIUM Davey and Williams 1966b 
TYPE SPECIES: Tanyosphaeridium variecalamum Davey and 


Williams 1966.(1966b) 


Tanyosphaeridium variecalamum Davey and Williams 1966b 
Plate V, Figures 1,2,5. 


1966b Tanyosphaeridium variecalamum Davey and Williams, p. 98, 
pie OFMLIiCw 7s 


DESCRIPTION: Central body composed of endophragm surrounded 
by granular periphragm; processes composed of smooth periphragm, 
tapering before terminating,the distal margin serrate and expanded; 
the number of processes is about 20; archeopyle apical; two 
antapical processes. 

REMARKS: T. regulare Davey and Williams 1966b differs in 
having more processes and T. isocalamus (Deflandre and Cookson) 
Davey and Williams 1966b differs in having wider processes and a 
more simple distal termination. 

SIZE RANGE: Length of central body 33 (35) 44 microns; width 
19 (21) 24 microns; length of processes 8-16 microns. Number of 


specimens measured, 6. 
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PREVIOUS RECORDS : Cenomanian of England (Davey and Williams 
1966) ; Cenomanian, Albian and Turonian of England and Albian of 
Saskatchewan (Davey 1969). 

LOCALITY OF FIGURED SPECIMENS: Pl. V, Fig. 1: $/27/2 13/94 
Southwest Potash well; depth 1134-1139 feet. Pl. V, Fig.5: S/28/1 
12.5/100 Southwest Potash well; depth 1129-1134 feet. Pl. V, 

Fig. 2: S§/16/3 16.5/101.5 Southwest Potash well; depth 1196-1198 


feet. 


Tanyosphaeridium sp. A 


Plate V, Figure 3. 

DESCRIPTION: Central body elongate composed of thin 
endophragm and granular periphragm; processes composed of smooth 
periphragm, buccinate, processes numbering about 18 on specimens 
which have lost the apical portion; archeopyle apical. 

REMARKS: Tanyosphaeridium isocalamus (Deflandre and Cookson) 
Davey and Williams resembles this species but its processes do not 
flare distally as with this species and the periphragm appears to be 
smooth. 

SIZE RANGE: Length of central body (without apical portion) 
50 microns; width 30 microns; length of processes up to 16 microns. 
Number of specimens measured, l. 

LOCALITY OF FIGURED SPECIMEN: Pl. V, Fig. 3: $/1373 "187-105 


Southwest Potash well; depth 1208-1213 feet. 


Cyst-Family AREOLIGERACEAE Evitt emend. Sarjeant and Downie 1966 


Genus CYCLONEPHELIUM Deflandre and Cookson emend. Williams and 
Downie 1966b 
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TYPE SPECIES: Cyclonephelium compactum Deflandre and 
Cookson 1955. 

REMARKS: Tabulation has not been established for this genus 
beyond the fact, that there are four apical and six precingular 


plates. 


Cyclonephelium distinctum Deflandre and Cookson 1955 
Plate V, Figures 4,6. 
For synonymy see Davey (1969, p. 166). 

DESCRIPTION: Body outline circular to subcircular; apical 
archeopyle formed by dehiscence along zig-zag line, operculum 
generally missing; antapex rounded; surface of body ornamented with 
numerous short solid processes, the apices of which are bluntly 
pointed, capitate or forked, restricted to margin of body with a 
central portion free of processes; surface of body punctate. 

REMARKS: Cyclonephelium compactum Deflandre and Cookson 1955 
most closely resembles this species; it differs in its smaller size, 
more regular arrangement of the membrane and generally the processes 
are morerestricted to the margins of the body. 

SIZE RANGE: Length of body (without apical portion) 52 (73) 84 
microns; width 54 (76) 101 microns; length of processes 6 (10) 20 
microns. Number of specimens measured, 15. 

PREVIOUS RECORDS: Upper Valanginian to Hauterivian of Germany 
(Gocht 1959); upper Hauterivian to Aptian, ?lower Albian of Germany 
(Alberti 1961); Albian to Senonian, Australia (Cookson and Eisenack 
1962b, Deflandre and Cookson 1955); Upper Cretaceous of Canada 


(Manum and Cookson 1964), Albian and Cenomanian strata of the Lower 
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Colorado Group of Saskatchewan and Cenomanian sediments of 
Britain (Davey 1969). 

LOCALITY OF FIGURED SPECIMENS: Pl. V, Fig. 6: S/13/2 7/97 
Southwest Potash well; depth 1220-1225 feet. Pl. V, Fig. 4: A/13/2 


10/91.5 Alwinsal well; depth 1363-1368 feet. 


Cyclonephelium eisenacki Davey 1969 
Placer Vy Heures S$, 9.01513. 
For synonymy see Davey (1969, p. 170). 

DESCRIPTION: Body outline subtriangular to subcircular; 
apical horn well developed, conical with concave sides; antapical 
horns if present reduced, often only one is evident; surface 
ornamented with low crests and short capitate processes, crests 
often broken and irregular, central area of both dorsal and ventral 
surfaces marked by a circular area devoid of ornamentation, or an 
area of less dense ornamentation; a poorly marked cingulum, outlined 
by crests, is occasionally present; archeopyle apical with operculum 


often not completely detached. 


REMARKS: For remarks and comparisons see Davey (1966, p. 171). 


SIZE RANGE: Length of body (without apical portion) 61 (65) 
66 microns (6 specimens); length (complete specimen 75 (78) 82 
microns (6 specimens); width 66 (75) 107 microns (12 specimens). 

PREVIOUS RECORDS: Lower Cretaceous Lower Colorado Group of 
Saskatchewan (Davey 1969). 

LOCALITY OF FIGURED) SPECIMENS: Pl. V, Fig. 11: S/27/1 14/101 
Southwest Potash well; depth 1134-1139 feet. Pl. V, Fig. 9: A/5/2 


20/101.5 Alwinsal well; depth 1403-1408 feet. Pl. V, Fig. 8: S/16/2 


17/106 Southwest Potash well; depth 1196-1198 feet. Pl. V, Fig. 13: 
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S/27/3 17/106 Southwest Potash well; depth 1134-1139 feet. 


Cyclonephelium sp. A 


Plate V, Figure 10. 


DESCRIPTION: Body outline subcircular to subtriangular; 
antapex with a pointed protrusion on one side; strong ornamentation 
restricted to the circumferential zone, consisting of a very thin 
membrane supported at intervals by strong processes, membrane with 
fine radial striae; archeopyle apical, formed by loss of the apex, 
outline zig-zag; body surface subgranular. 

REMARKS: Cyclonephelium compactum Deflandre and Cookson 1955 
is similar but has a more regularly developed and finer membraneous 
ornamentation; Cyclonephelium membraniphorum Cookson and Eisenack 
1962a is most like this species but has a more uniform, more 
continuous membrane development. 

SIZE RANGE: Length of body (without apical portion) 95 (115) 
125 microns; width of body 90 (125) 130 microns. Number of specimens 
measured, 5. 

LOCALITY OF FIGURED SPECIMEN: Pl. V, Fig. 10: $/13/3 7.5/100.5 


Southwest Potash well; depth 1208-1213 feet. 


Cyclonephelium sp. B 


Plate V, Figure 1/7. 
DESCRIPTION: Body outline subcircular to subquadrate; apex with 
concave sides extending into a broadly based conical apical horn with 
tuft of ornamentation; antapex rounded; surface ornamentation 


restricted to the circumferential zone, consisting of low, short, 


capitate spines and fine membranes forming an irregular polygonal pattern 
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of low membraneous ridges; surface of body granulate to perforate. 

REMARKS!” Tenua? sp. Eisenack (1958, p. 5, fig. 16) resembles 
this form but differs in that the processes are uniformly distributed 
over the whole surface. Looking at Eisenack's figure however ornam- 
entation of Tenua? sp. appears to be sparser in the central portionof 
the body surface while in the form described here processes are 
definitely restricted to the circumference. 

The tuft of ornamentation at the end of the apical horn is 
Dareieularly distinctive in this species. 

SIZE RANGE: Length of body (complete specimen) 62 microns; 
width of body 54 microns; height of processes 1-2 microns. Number 
of specimens measured, l. 

LOCAL TEY*OF FIGURED ' SPECIMEN -@Pi."5,° Fier 17'°S/1/3 11/96 
Southwest Potash well; depth 1278-1283 feet. 

Cyst-Family HYSTRICHOS PHAERACEAE O. Wetzel emend. 
Sarjeant and Downie 1966 
Genus HYSTRICHOSPHAERA 0. Wetzel emend. Davey and Williams 1966b 

TYPE SPECIES: Hystrichosphaera ramosa (Ehrenberg) 0. Wetzel Loe, 
(= Xanthidium ramosa Ehrenberg 1838). 

REMARKS: Davey and Williams (1966a) have emended the generic 
diagnosis to include reference to the reflected tabulation of) 3-44, 
6", 6c, 5™', O-lp, 1", and to the presence of sutural processes in 


many species. 


Hystrichosphaera cingulata var. reticulata Davey and Williams 
1966a 


Plate-VI, Figures 1-3. 
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For synonymy see Davey (1969, p. 172). 

DESCRIPTION: Central body subcircular to semicircular; 
central body formed of smooth endophragm and reticulate periphragm; 
gonal processes do not extend beyond sutural crests, processes 
acting like supporting structures for crests, processes bifurcate. 

REMARKS : Hystrichosphaera cingulata (OQ. Wetzel) Deflandre and 
Cookson 1955 is characterized by well developed crests beyond which 
the gonal processes do not protrude, the latter acting as supporting 
structures. 

SIZE RANGE: Diameter of central body 37 (44) 45 microns; 
height of crests up to 9 microns. Number of specimens measured, 4. 

PREVIOUS RECORDS: Reported as infrequent in the middle and 
upper Cenomanian of England (Davey and Williams 1966a); Turonian 
and Senonian from the Isle of Wight (Clarke and Verdier 1967). 

LOCALITY OF FIGURED SPECIMENS: Pl. Vi, Fig. 3: $/37/2 9.5/105 
Southwest Potash well; depth 1080-1085 feet. Pl. VI, Fig. 2: S/37/2 
8.5/104 Southwest Potash well; depth 1080-1085 feet. Pl. VI, Fig. 1: 
S/8/2 15/105 Southwest Potash well; depth 1235-1240 feet. 

Hystrichosphaera ramosa (Ehrenberg) var. ramosa 
Davey and Williams 1966a 
Plate VI, Figures 4,8. 
For synonymy see Davey and Williams (1966a, p. 33). 

DESCRIPTION : Body outline ovoidal, bearing gonal and a small 
number of sutural processes; distally processes bifurcate or trifurcate, 
usually with small bifid terminations, processes tapering to subconical 


in shape; usually two gonal processes between adjacent cingular plates 
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connected with a well developed membrane; a distinctive simple apical 
process; archeopyle precingular. 
REMARKS: The simple apical process is a diagnostic feature. 
SIZE RANGE: Diameter of central body 32-56 microns; length 
of processes up to 20 microns. Number of specimens measured, 3. 
PREVIOUS RECORDS: This species has a known stratigraphic range 
from Upper Jurassic (Oxfordian) to Eocene (Ypresian) Davey and 
Williams 1966a; Cenomanian of Britain and Texas and Albian and 
Cenomanian of the Lower Colorado Group of Saskatchewan (Davey 1969). 
LOCALITY OF FIGURED SPECIMENS: Pl. VI, Fig. 4: $/19/1 22/100 
Southwest Potash well; depth 1181-1186 feet. Pl. VI, Fig. 8: $/27/2 


12.5/101 Southwest Potash well; depth 1134-1139 feet. 


Hystrichosphaera ramosa var. gracilis Davey and Williams 1966a 
Plate VI, Figures 5,6. 
For synonymy see Davey (1969, p. 172). 

DESCRIPTION: Outline of central body oval; body wall smooth, 
thin, bearing gonal and sutural processes; processes long and slender 
usually bifurcating or trifurcating, terminating with a small bi- 
furcation; apical process long and slender terminating with a small 
bifurcation; archeopyle precingular. 

REMARKS: The slender long processes are distinctive. 

SIZE RANGE: Diameter of central body 40 x 46 microns; length 
of processes up to 16 microns. Number of specimens measured, /. 

PREVIOUS RECORDS: Reported to range from Cenomanian of England 
(Davey and Williams 1966a) to Miocene of Australia (Deflandre and 


Cookson 1955). 
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LOCALITY OF FIGURED SPECIMENS: Pl. VI, Fig. 6: S/16/3 
12.5/103.5 Southwest Potash well; depth 1196-1198 feet. Pl. VI, 
Fig. 5: A/7/2 6/109 Alwinsal well; depth 1393-1398 feet. 

Hystrichosphaera ramosa var.granomembranacea 
Davey and Williams 1966a 
Plate VI, Figures 7,9. 


1966a Hystrichosphaera ramosa var. granomembranacea Davey and Williams, 
Dero DL mea red Sara 


DESCRIPTION: Central body oval; processes trifurcate forming 
recurved spines and extending well above suturecrests; plate margins 
reflect tabulation, typical for genus, outlined by sutural crests or 
membranes; gonal and sutural processes; body surface granular; 
membranes faintly reticulate; archeopyle precingular, formed by loss 
of reflected plate 3". 

SIZE RANGE: Diameter of central body 33 (39) 45 microns; length 
of processes 8 (10) 15 microns. Number of specimens measured, 8. 

PREVIOUS RECORDS: Eocene of England (Davey and Williams 1966a). 

LOCALITY OF FIGURED SPECIMENS: Pl. VI, Fig. 7: $/27/2 20.102 
Southwest Potash well; depth 1134-1139 feet. Pl. VI, Fig. 9: A/7/3 
8.5/103 Alwinsal well; depth 1393-1398 feet. 

Hystrichosphaera ramosa var. membranacea (Rossignol) 
Davey and Williams 1966a 
Plate VI, Figure 10. 


1964 Hystrichosphaera furcata var. membranacea Rossignol, p. 86, 
ey ea taetse eR Ole fel, Sie BaiMer- i” Tie, tera 


1966a Hystrichosphaera ramosa var. membranacea Rossignol, Davey 
aud Williems ps 395 pl. 45, figs. 8,12: 
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DESCRIPTION: Outline of central body oval to suboval; central 
body smooth, with membranes variable in height and development uniting 
processes, better developed in cingular and polar areas, cingular 
processes bifurcate, sutural and gonal processes trifurcate; 
processes flat, two large antapical processes. 

SIZE RANGE: Diameter of central body 31(35) 45 microns; length 
of processes 11 (15) 20 microns. Number of specimens measured, 7. 

PREVIOUS RECORDS: Recorded from the Eocene London Clay 
(Sarjeant and Downie 1966a) from the Pleistocene (Rossignol 1964). 

LOCALITY OF FIGURED SPECIMEN: Pl. VI, Fig. 10: S/16/3 


19.5/110 Southwest Potash well; depth 1196-1198 feet. 


Hystrichosphaera ramosa var. reticulata Davey and Williams 1966a 
Plate Vi, Figure 11. 


1966a Hystrichosphaera ramosa var. reticulata Davey and Williams, 
Deo lee fies. e253. 


DESCRIPTION: Central body suboval to polygonal, composed of 
smooth endophragm and reticulate periphragm; processes gonal, 
usually subconical with trifurcate terminations; processes joined 
by low granular to finely reticulate sutural membranes; processes 
between cingular plates trifurcate usually with trifurcate 
terminations; archeopyle precingular, formed by the loss of 
reflected plate 3". 

REMARKS: These specimens are finely reticulate grading to 
granular. 

STZE RANGE: Diameter of central body 34 (41) 47 microns; 


length of processes up to 8 microns. Number of specimens measured, 5. 
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PREVIOUS RECORDS: Present in small numbers throughout the 
Cenomanian of England (Davey and Williams 1966a); recorded from the 


Lower Cretaceous (Albian) of Saskatchewan (Davey 1969). 


LOCALITY OF FIGURED SPECIMEN; Pl. Vi, Fig. 11: $/18/3 13/107 


Southwest Potash well; depth 1186-1191 feet. 


Hystrichosphaeridium ramosa var. indet. 


Plave WL ricure 2. 


DESCRIPTION: Outline of central body oval to suboval; wall of 
central body thin, smooth; gonal and sutural processes extending beyond 
sutural crests; gonal processes trifurcate, sutural processes bifurcate; 


two large processes on antapical end. 


REMARKS : The two large antapical processes separate this 


variety from others. 


SIZE RANGE: Diameter of central body 49 x 51 microns; length of 


processes up to 7 microns. Number of specimens measured, 1. 
LOCALITY OF FIGURED SPECIMEN: Pl. VI, Fig. 12: A/17/2 
11/104.5 Alwinsal well; depth 1338-1343 feet. 
Genus HYSTRICHODINIUM Deflandre emend. Sarjeant 1966a 
TYPE SPECIES: Hystrichodinium pulchrum Deflandre 1935. 


REMARKS: Tabulation for this genus is in general accord with 


the Gonyaulax pattern. It differs from Heliodinium in the rounded, 
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unflattened, nature of the spines. 


Hystrichodinium cf. H. oligacanthum Deflandre and Cookson 1955 


Plate VI, Figure 14. 


DESCRIPTION: Proximo-chorate cyst; outline rounded to 
polygonal; epitract a little larger than hypotract; cingulum 
helicoidal, no appendages on its upper rim but about 6 on lower rim; 
processes about 1/2 the diameter of the body; hollow, tapering to a 


point distally, smooth, rounded; plate areas not well defined, 
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indicated by low ridges; surface of body scabrate to slightly spinose. 


REMARKS: No archeopyle observed. If present it is precingular, 


according to Sarjeant (1966a). 


SIZE RANGE: Length of central body 47 (51) 69 microns; breadth 
37 (47) 56 microns; overall length of processes 22 (29) 41 microns. 


Number of specimens measured, 3. 


PREVIOUS RECORDS: H. oligacanthum has been recorded from 
Lower Cretaceous strata of New South Wales, Australia (Deflandre and 


Cookson 1955). 


LOCALITY OF FIGURED SPECIMEN: Pl. VI, Fig. 14: $/16/3 7/95 


Southwest Potash well; depth 1196-1198 feet. 


Cyst-Family CTENIDODINIACEAE Sarjeant and Downie 1966 


Genus DINOPTERYGIUM Deflandre 1935 


TYPE SPECIES: Dinopterygium cladoides Deflandre 1935. 
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REMARKS: Deflandre (Norris and Sarjeant 1965) has confirmed the 
opinion of Sarjeant that Oodnadattia tuberculate Eisenack and 


Cookson is a junior synonym of Dinopterygium cladoides Deflandre. 


Dinopterygium cladoides Deflandre 1935 
Plate V, Figure 12. 
1955 Dinopterygium cladoides Deflandre, in Deflandre and Cookson, 

peecO bem ple cl tie 4 20 
1960 Oodnadattia tuberculata Eisenack and Cookson, p. 6, pl. 2, 

fio. 10-14. 

DESCRIPTION: Body outline circular to oval with an embayment 
formed by the longitudinal furrow, broader than long; cingulum 
circular and narrow bordered by low membraneous flanges about 12-14 
microns wide, plates of epitract and hypotract bordered by low 
membraneous ridges; hypotract contains one large apical plate 1'", 

5 post cingular plates 5 to 6' intermediate plates, the post cingular 
plates are tuberculate and intermediate plates are smooth; equatorial 


membranes smooth. 


REMARKS: The plate arrangement has not been distinctly 
established for the epitract but seems to conform to that of 


specimens described by Eisenack and Cookson (1960). 


SIZE RANGE: Overall diameter 68 (76) 101 microns. Number of 


specimens measured, ll. 


PREVIOUS RECORDS: Senoniam (?) of France (Deflandre 1935); 


Albian of New South Wales and southern Australia (Eisenack and Cookson 
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1960) . 


LOCALITY OF FIGURED SPECIMEN: Pl. V, Fig. 12: S/17/3 


9/102 Southwest Potash well; depth 1191-1196 feet. 


Cyst-Family DEFLANDREACEAE Eisenack emend. 
Sarjeant and Downie 1966 


Genus DEFLANDREA Eisenack emend. Williams and Downie 1966b 
TYPE SPECIES: Deflandrea phosphoritica Eisenack 1938. 


REMARKS: The diagnosis for this genus contains several points 
which have been overlooked at various times when assigning specimens 
to genera. This genus contains cavate cysts with one apical and two 
antapical horns; the periphragm is smooth or granular, the archeopyle 


intercalary and tabulation when decipherable is peridinoid. 


Deflandrea cf. D. cincta Cookson and Eisenack 1958 


Plate V, Figure 16. 


DESCRIPTION: Outer body separated by a relatively wide 
transverse girdle; a short longitudinal furrow is situated on the 
ventral surface of the epitract; the epitract is convex laterally 
and narrows rather abruptly towards an apical horn; hypotract prolonged 
on one side into a conical, pointed antapical horn and on the other 
side into a short blunt reduced antapical horn; surface of the outer 
body granular. 

The inner body is smooth, broadly oval, extending laterally 


almost to the wall of the outer body. 
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REMARKS: Deflandrea cincta, Cookson and Eisenack 1958, differs 
in that it is broader, its longitudinal furrow is short and restricted 
to the hypotract, and its inner body extends laterally to the outer 
membrane. The width of Ashville specimens is less than the type 


specimen. 


SIZE RANGE: Length of body 66 (73) 82 microns; width of body 
43 (45) 47 microns; diameter of inner body 39 (43) 51 microns. Number 


of specimens measured, 3. 


PREVIOUS RECORDS: Deflandrea cincta has been recorded from 
Lower: Cretaceous (upper Neocomian to lower Aptian) sediments of 
Australia (Cookson and Eisenack 1958); known range is middle 


Hauterivian to middle Albian (Sarjeant 1966b). 


LOCALITY OF FIGURED SPECIMEN: Pl. V, Fig. 16: $/5/11 15/105.5 


Southwest Potash well; depth 1253-1258 feet. 


Deflandrea pirnaensis Alberti 1959 


Plate V, Figure 14. 


1959 Deflandrea pirnaensis Alberti, p. 100, pl. 8, figs. 1-5. 


DESCRIPTION; Body outline pentagonal, divided into an epitract 
and a hypotract by a distinct relatively wide cingulum; epitract pro- 
longed into a pointed apical projection; hypotract more rounded with 
two unequally developed antapical horns, one very short and reduced, 
the other broad at the base extending into a sharp point distally; 


a faint indication of tabulation above and below cingulum marked by 
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faint lines, short longitudinal furrow restricted to hypotheca; 
surface of the outer body faintly granulate, coveredwith very fine 
short hair-like projections. 

Inner body elongate, oval, extending almost to the margins of 
the outer body laterally such that it almost fills the outer body 
except in the area of the apical horn and larger antapical 


projection. 


REMARKS: Deflandrea sverdrupiana Manum 1963 is somewhat 
similar but differs in having cone like processes, more distinct 
indication of tabulation and the inner body does not extend into 


the apical and antapical regions so far. 


ala 


SIZE RANGE: Length of body 82 (89) 105 microns; width of central 


body 52 (55) 62 microns; diameter of central body 51 (53) 56 microns. 


Number of specimens measured, 6. 


PREVIOUS RECORDS: This species has been recorded in sediments 
ranging in age from middle Albian to Turonian and middle Turonian 


to Santonian (Sarjeant 1966 and Norris 1965). 
LOCALITY OF FIGURED SPECIMEN: Pl. V, Fig. 14: $/6/2 7.5/105 
Southwest Potash well; depth 1249-1253 feet. 
Deflandrea cf. D. pirnaensis Alberti 1959 


Plate V, Figure 15. 


DESCRIPTION: Outer body elongate, pentagonal; epitract with 


straight to slightly convex sides narrowing abruptly to form a short 
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cylindrical apical horn; hypotract smaller than epitract, extending 
into two antapical horns, one very short and blunt, the other long 
conical and pointed; cingulum well developed, short indistinct 
longitudinal furrow restricted to hypotract; no tabulation apparent; 
no archeopyle observed; surface of outer body granulate. 

Inner body subspherical to ovoidal, its longitudinal axis 
parallel to the longitudinal axis of the outer body; not extending 
laterally to the margins of the outer body; approximately the same 
distance from the antapical end but more remote from the apical 


end. 


REMARKS: The central body extends higher into the apical end 


of specimens recorded by Alberti. 


SIZE RANGE: Length of body 66 (73) 108 microns; width of 
body 41 (50) 64 microns; diameter of inner body 49 microns. 


Number of specimens measured, 15. 


PREVIOUS RECORDS: D. pirnaensis has been recorded in sediments 


ranging in age from middle Albian to Turonian and middle Turonian 


to Santonian (Sarjeant and Norris 1965). 


LOCALITY OF FIGURED SPECIMEN: Pie whee Lo seo / 0/2 


10.5/106.5 Southwest Potash well; depth 1196-1198 feet. 
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Cyst-Family NELSONIELLACEAE Eisenack emend. 
Sarjeant and Downie 1966 


Genus SCRINIODINIUM Klement 1957 


TYPE SPECIES: Scriniodinium crystallinum Deflandre 1938 


Klement (=Gymnodinium crystallinum Deflandre 1938). 


REMARKS: This genus includes two sub-genera based on the 
presence or absence of tabulation (Klement 1960). Sub-genus 
Endoscrinium Klement 1960 includes species in which tabulation can 
be deduced while sub-genus Scriniodinium encompasses species with 


no apparent tabulation. 


Sub-Genus ENDOSCRINIUM Klement 1960 


TYPE SPECIES: Scriniodinium galeritum (Deflandre) Klement 


1957 ¢€Gymmodinium galeritum Deflandre 1938) (1938b). 


Scriniodinium (Endoscrinium) campanula Gocht 1959 
Plate Vieskicures, is. 


For synonymy see Clarke and Verdier (1967, p. 28-29). 


DESCRIPTION: Body outline subquadrate; epitract with a conical 
apical horn; hypotract rounded to conical; cingulum circular, deeply 
folded; a narrow median fold runs from the antapex to the cingulum; a 
small, roughly circular, opening in the outer body wall is present on 
one side of the lower hypotract; body surface faintly granulate; 
tabulation present but difficult to interpret. 

Inner body sub-oval with an apical protrusion extending into 


the base of the apical horn of the outer body; separated from the 
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outer body wall by quite a wide margin; surface granular. 


REMARKS: Cookson and Hughes (1964) studied transverse and 
longitudinal sections cut through the body. They note that one or 
two lines running parallel to and at some distance from the edge 
of the shell are clearly seen, but instead of regarding these as 
indicating the limit of an inner capsule they suggest this appearance 
is due to the steepness of the gradient of the dorsal convexity of 
the body. 

In these specimens the central body does seem to be distinct 
and the surface is slightly more granulate than the outer body but 


none has been sectioned. 


SIZE RANGE: Overall length 100 (103) 103 microns; width 84 
(86) 87 microns; inner body ca. 66 microns; length of apical horn 


ca. 30 microns. Number of specimens measured, 3. 


PREVIOUS RECORDS: Reported from sediments ranging from 
Valanginian to Aptian of Germany (Gocht 1959, Alberti 1961); 
ranges from upper Albian to lower Cenomanian of England (Cookson 


and Hughes 1964); Cenomanian of England (Clarke and Verdier 1967). 


LOCALITY OF FIGURED SPECIMEN: Pl. VI, Fig. 18: A/15/2 


9/111.5 Alwinsal well; depth 1353-1358 feet. 


Sub-Genus SCRINIODINIUM Klement 1960 


TYPE SPECIES: Scriniodinium crystallinum (Deflandre) Klement 1957 


(Gymnodinium crystallinum Deflandre 1938). (1938b) 
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EES 
Scriniodinium (Scriniodinium) cf. S. ceratophorum Cookson and 
Eisenack 1960 


Plate VI, Figure 21. 


DESCRIPTION : Body outline subovoidal to subquadrate; 
epitract triangular, larger than hypotract; hypotract rounded; 
cingulum represented by a broad fold; body membrane granular to 
pseudo-reticulate; a large precingular archeopyle-like feature 
present between the base of the apical horn and the cingulum; no 
tabulation apparent. Inner body not plainly delimited but it has 


a small apical prominence and it almost fills the outer body. 


REMARKS: Scriniodinium ceratophorum Cookson and Eisenack 1960 


is considerably smaller than Ashville specimens. 


SIZE RANGE: Overall length 159 (165) 168 microns; width 114 
(129) 138 microns; length of apical horn ca. 15 microns. Number of 


specimens measured, 4. 


PREVIOUS RECORDS: Cookson and Eisenack (1960) have reported S. 
ceratophorum in sediments ranging from Oxfordian to lower Kimmeridgian 


in Australia. 

LOCALITY OF FIGURED SPECIMENS: Pl. VI, Fig. 21: $/27/3 8/106 
Southwest Potash well; depth 1134-1139 feet. 

Scriniodinium (Scriniodinium) eurypylum Manum and Cookson 1964 


Plate VI, Figure 13. 


1964 Scriniodinium eurypylum Manum and Cookson, p. 20 Se Dl sets tle. 4% 
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DESCRIPTION: Body outline pentagonal; divided by a cingulum 
into an epitract which extends into a short blunt conical apical 
horn and a hypotract with two inconspicuous small horn-like 
projections, one blunt, the other short and pointed; wall of outer 
body thin and smooth; inner body almost completely fills the outer 
body and in close contact with outer body wall; surface of inner 


body faintly granulate; archeopyle apparently precingular. 


REMARKS: Manum and Cookson (1964) remark that the "form is 
rather Deflandrea-like in general appearance, however it must be 
referred to Scriniodinium because of the possession of a precingular 
archeopyle."' The length range (65-81 microns) given by Manum and 


Cookson is extended slightly. 


SIZE RANGE: Length 64 (77) 86 microns; width 51 (52) 54 microns. 
inner body 51-53 microns; length of apical horn ca. 8 microns. Number 


of specimens measured, 4. 


PREVIOUS RECORDS: Upper Cretaceous from the Hassel Formation, 


Ellef Ringnes Island (Manum and Cookson 1964). 
LOCARITVA0F FIGURED SPEGIMEN -aPlAViee Fics y1329S/22/29613/95 
Southwest Potash well; depth 1160-1165 feet. 
Scriniodinium (Scriniodinium) sp. A 
Plate VI, Figure 16. 


DESCRIPTION: Body outline elongated, pentagonal; apex 


extending into an acute apical horn; antapex extended with two un- 
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equally developed antapical horns; body membrane thin and smooth; 
cingulum faintly developed, tendency to split along the upper side 
of the cingulum to form a precingular archeopyle extending from the 
cingulum to the base of the apical horn; no tabulation apparent ; 
inner body spherical, extending to the outer body wall laterally but 


remote from the apex and antapex. 


REMARKS : Scriniodinium eurypylum Manum and Cookson 1964 differs 
from this form in that the inner body almost completely fills the 


outer body. 


SIZE RANGE: Length 64-66 microns; breadth 55-58 microns. 


Number of specimens measured, 2. 


LOCALITY OF FIGURED SPECIMEN: Pl. VI, Fig. 16: $/36/2 14/109.5 


Southwest Potash well; depth 1085-1090 feet. 


Scriniodinium (Scriniodinium) sp. B 


Plate VI, Figure 17. 


DESCRIPTION: Body outline rounded pentagonal; a wide cingulum 
dividing the body into an epitract and hypotract; epitract extends 


into a broadly conical apical horn; hypotract with two well developed 


Alaly/ 


blunt apical projections; body surface faintly granulate; no indication 


of tabulation;longitudinal furrow well developed extending 3/4 of length 


of epitract from cingulum;-inner body spherical, smooth to faintly 
granulate, in contact with the outer body wall laterally; archeopyle 


wide, apparently precingular extending from cingulum to the base of 
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the apical horn. 


REMARKS: Due to the presence of what appears to be a pre- 
cingular archeopyle the specimen is referred to Scriniodinium rather 


than Deflandrea which in other respects it resembles closely.’ 


SIZE RANGE: Length 75 (79) 84 microns; width 52 (54) 58 
microns; length of apical horn ca. 13 microns; antapical hornsca. 


9 microns and 13 microns. Number of specimens measured, 5. 


LOGALITY OF FIGURED SPECIMEN: Pl. Vi, Fig. 17: S/27/2 13/96.5 


Southwest Potash well; depth 1134-1139 feet. 


Cyst-Family HEXAGONIFERACEAE Sarjeant and Downie 1966 
Genus ASCODINIUM Cookson and Eisenack 1960 


TYPE SPECIES: Ascodinium acrophorum Cookson and Eisenack 1960. 
(1960a) 
REMARKS: Ascodinium has an apical archeopyle differing from 


Deflandrea which has an intercalary archeopyle and Scriniodinium 


in which the archeopyle is precingular. 


Ascodinium verrucosum Cookson and Hughes 1964 


Plate VI, Figures 19,20. 


1964 Ascodinium verrucosum Cookson and Hughes, p. 41, pl. 5, 
figs. 4-7. 
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DESCRIPTION: Body outline longer than broad with convex sides; 
apex forms rounded cap-like projection; antapex forms a prominent 
projection with an oblique base which is concave inward; cingulum 
circular with a short longitudinal furrow present on the hypotract; 
body surface ornamented by verrucae; archeopyle apical, formed by loss 
of the cap-like apical portion, inner body extends laterally to the 
walls of the outer body and extends into the apex except for a small 
area formed by the apical horn; antapically it extends to the base 


of the antapical projection. 


REMARKS : Considerable variation in size of the outer body and 
density of ornamentation has been observed. The same was found in 
the samples from the Cambridge Greensand (Cookson and Hughes 1964). 
It is interesting to note the Ascodinium verrucosum is one of 
the commoner forms in the Cambridge Greensand and Chalk Marl of 
Britain as it is in the upper part of the Southwest Potash Bredenbury 


bore-hole. 


SIZE RANGE: Overall length 64 (71) 77 microns; length of body 
without apical portion 52 (57) 64 microns; width 47 (51) 64 microns. 


Number of specimens measured, 20. 


PREVIOUS RECORDS: Ascodinium cf. verrucosum was reported from 
the Lower Cretaceous of Montana (Evitt 1963), reported from the 
Cambridge Greensand and Chalk Marl, upper Gault of Britain by 


Cookson and Hughes (1964). 
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LOCALITY OF FIGURED SPECIMENS: Pl. VI, Fig. 20: S/37/2 
15,5/112- Southwest Potash well; depth 1080-1085 feet. Pl. VI, Fig. 19: 


S/37/2 15/112 Southwest Potash well; depth 1080-1085 feet. 


Cyst-Family PSEUDOCERATIACEAE Eisenack 1961 emend. 
Sarjeant and Downie 1966 


Genus PSEUDOCERATIUM Gocht 1957 
TYPE SPECIES: Pseudoceratium pelliferum Gache 957. 


REMARKS: Pseudoceratium is subdivided into sub-genus 
Pseudoceratium, forms without determinable tabulation, and sub-genus 
Eopseudoceratium, forms with a determinable tabulation of 6', 5a, 


GU Gate ape, dave Lit, 
Sub Genus EOPSEUDOCERATIUM Neale and Sarjeant 1962 
TYPE SPECIES: Pseudoceratium gochti Neale and Sarjeant 1962. 


Pseudoceratium (Eopseudoceratium) sp. A 


Plate VII, Figures 1-3. 


DESCRIPTION: Body outline subtriangular with an oblique base 
and convex sides; apical horn long and rounded at the distal end; 
two widely divergent unequal antapical horns; a distinct cingulum 
bordered by ridges of ornamentation; small longitudinal furrow; body 
surface ornamented by an irregular reticulum; faint trace of tabulation 
indicated by weak lines or splits in the precingular and post cingular 


areas; archeopyle apical; detachment occurs along an irregular line 
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near the base of the apical horn. 


REMARKS : Pseudoceratium turneri Cookson and Eisenack 1958 
differs in having no cingulum or indication of tabulation. In the 
species described here ornamentation is not as elaborate as that 
of P. turneri. P. turneri is found in the Albian of Australias (Cook- 
son and Eisenack 1958), 

SIZE RANGE: Length 127-140 microns; width 80-86 microns; length 
of apical horn 26 microns; antapical horns ca. 26 microns and 14 


microns. Number of specimens measured, 2. 


EOGSLATY OF FIGURED SPECIMENS: Pl. VII, Fig. 1: §/21/2 4/103 
Southwest Potash well; depth 1165-1170 feet. Pl. VII, Fig. 3: $/21/2 
17/106 Southwest Potash well; depth 1165-1170 feet. Pl. VII, Fig. 2: 


S/13/3 7.5/100.5 Southwest Potash well; depth 1208-1213 feet. 


Genus ODONTOCHITINA Deflandre 1935 


TYPE SPECIES: Odontochitina operculata (0. Wetzel) Deflandre 


and Cookson 1955 (=Ceratium operculata 0. Wetzel 1933). 


Odontochitina costata Alberti emend. Clarke and Verdier 1967 
Plate VII, Figures 5,6. 


For synonymy see Clarke and Verdier (1967, p. 58). 


DESCRIPTION: Body outline ovoidal to subtriangular; apex 
conical extending into a long apical horn; apical horn slender, tapering 


to a point distally, expanded slightly in the mid portion with 
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longitudinal perforations; hypotract extends into two unequal, 
divergent, long antapical horns, one antapical horn in direct axial 
continuation with the lower part of the body, the other branching off 
near the equator; longitudinal perforations in the mid portions of 
the antapical horns are often present; body wall thin and smooth; 


inner body wall smooth. 


REMARKS: Clarke and Verdier (1967) found that after observing 
several hundred specimens of 0. costata and OQ. striatoperforata they found 
it difficult to differentiate these two species on the basis of 
the presence of perforations. They found the development of per forat- 
ions to be extremely varied and irregular, in some cases confined 
to the distal extremity of the horns or in some more randomly 
disposed over the general length of the horns. Thus they consider OQ. 
striatoperforata a synonym of OQ. costata. The preceding evidence 


is accepted here. 


SIZE RANGE: Overall length 411 (416) 420 microns; width of body 
79 (83) 86 microns; length of apical horn 196 (241) 286 microns; length 
of antapical horns ca. 103 and 143 microns. Number of specimens 


measured, 4. 


PREVIOUS RECORDS: Albian to Cenomanian of Australia (Cookson 
and Eisenack 1962b); lower Cenomanian of England (Cookson and Hughes 
1964) ; Cenomanian of the Isle of Wight (Clarke and Verdier GLO Gy): 
Cenomanian to Turonian of Germany (Alberti 1961); Upper Cretaceous of 


Canada (Manum and Cookson 1964). 
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LOCALITY OF FIGURED SPECIMENS: Pl. VII, Fig. 6: S/5/1 °©18/105.5 
Southwest Potash well; depth 1253-1258 feet. Pl. VII, Fig. 5: S/5/1 


10/102 Southwest Potash well; depth 1253-1258 feet. 


Odontochitina sp. A 


Plate VII, Figure 4. 


DESCRIPTION: Body outline elongate, ovoidal; epitract contracts 
abruptly into a slender cylindrical apical horn; horn longitudinally 
striate with perforations; hypotract rounded, extended into two 
unequally developed antapical horns, one a direct axial continuation 
of the lower part of the body, the shorter one branching off laterally 
below the equator; apical archeopyle marked by a line of weakness below 
the apex; inner body extends to bases of antapical horns; equatorial 


girdle and tabulation absent; body wall thin and smooth. 


SIZE RANGE: Overall length 193 microns; width 58 microns; 
length of apical horn 69 microns; length of antapical horns 41 microns 


and 54 microns. Number of specimens measured, l. 


LOCALITY OF FIGURED SPECIMEN: Pl. VII, Fig. 4: $/21/2 18/99.5 


Southwest Potash well; depth 1165-1170 feet. 


Cyst-Family NETRELYTRACEAE Sarjeant and Downie 1966 


Genus KALYPTEA Cookson and Eisenack 1960b 


TYPE SPECIES: Kalyptea diceras Cookson and Eisenack 1960. (1960b) 
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REMARKS: Kalyptea is found either with or without an antapical 


horn; it differs from Netrelytron and Paranetrelytron in absence of 


an inner body. 


Kalyptea monoceras Cookson and Eisenack 1960b 
PlatenVvilL i suresw/i1 1% 
1960b Kalyptea monoceras Cookson and Eisenack, p. Ze ep Lea o- 
Eivc ee. on 
DESCRIPTION: Body outline oval with a slender apical horn; 
antapex rounded; body enclosed in a thin cloak-like external membrane; 


body surface thin, finely granular; no apparent tabulation; cingulum 


or longitudinal furrow; no indication of an archeopyle. 


REMARKS: Specimens are small for Kalyptea monoceras Cookson 
and Eisenack 1960b but have no inner body like Paranetrelytron. These 


Specimens increase the known size range slightly for K. monoceras. 


SIZE RANGE: Overall length 60 (69) 80 microns; overall width 
47 (53) 66 microns; length of inner body 49 (57) 67 microns; width 


of inner body 34 (40) 45 microns. Number of specimens measured, 5. 


PREVIOUS RECORDS: Reported from sediments of the Jurassic of 
Australia (Cookson and Eisenack 1960b) and in sediments ranging from 
Albian to Cenomanian of England (Cookson and Hughes 1964); also K. cf. 
monoceras has been recorded from lower Upper Cretaceous strata of 


Arctic Canada (Manum and Cookson 1964). 
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LOCALITY OF FIGURED SPECIMENS: Pl. VIL, Fig. 11: S/10/1 
17.5/110 Southwest Potash well; depth 1225-1230 feet. Pl. VII, 
Fig. 7: S/16/2 9.5/112 Southwest Potash well; depth 1196-1198 


feet. 


Cyst-Family STEPHODINEACEAE Eisenack emend. 
Sarjeant and Downie 1966 


Genus STEPHODINIUM Deflandre 1936a 


TYPE SPECIES: Stephodinium coronatum Deflandre 1936, (1936a) 


Stephodinium coronatum Deflandre 1936a 
Plate VI, Figure 15. 


For synonymy see Clarke and Verdier (1967, p. 67). 


DESCRIPTION: Body outline suboval with a surface tabulation 
composed of plates of varying size; equatorial girdle incompletely 
encircles body; girdle bordered by two flanges, extending from the 
shell in a plane at right angles to the longitudinal ones; ledges 
of the pre- and postcingular plates adjacent to the girdle run 
radially across the flanges to their margins; archeopyle precingular; 


shell membrane very thin, smooth. 


REMARKS: Clarke and Verdier (1967) have found S. australicum 
Cookson and Eisenack 1962a and Stephodinium europaicum Cookson and 
Hughes 1964 to be synonymous with S. coronatum Deflandre 1936a. 

In the specimens recorded here no apical horn was seen and the margin 


of the equatorial flange is smooth and not serrate as in S. coronatum. 
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SIZE RANGE: Overall diameter 67 x 52 microns; diameter of 


inner body 23 x 29 microns. Number of specimens measured, 2. 


PREVIOUS RECORDS: Stephodinium coronatum has been recorded 
from the upper Albian to Lower Cenomanian of England (Cookson and 
Hughes 1964); ?upper Albian to Cenomanian of Australia (Cookson 
and Eisenack 1962a); Turonian and ?Senonian of France (Deflandre 
1936a, 1936b, Mercier 1938); Upper Cretaceous of Canada (Manum 


and Cookson 1964). 


LOCALITY OF FIGURED SPECIMENS: Pl. VI, Fig. 15: S/27/1 


6.5/104.5 Southwest Potash well; depth 1134-1139 feet. 


Cyst-Family MEMBRANILARNACTACEAE Sarjeant and Downie 1966 


Genus CHLAMYDOPHORELLA Cookson and Eisenack 1958 


TYPE SPECIES: Chlamydophorella nyei Cookson and Eisenack 


ihe bys 


Chlamydophorella nyei Cookson and Eisenack 1958 
Plate VII, Figures 8-10. 
1958 Chlamydophorella nmyei Cookson and Eisenack, p. 56, pl. 11, 
ficsre25 3. 
DESCRIPTION: Body outline spherical to subspherical with a 
short apical projection; body covered with short simple processes 
which bifurcate distally and which support a delicate membrane; 


processes slightly longer on either side of the equatorial region 


126 


















ro? ee ve 
: a) 





7 ee 7 an 
; pt a | 
; "} an 
= P ss ‘ P t 2 Ie 
: joe th tagmogoeim St & (Oo TSIORRAD lissavo :HOMAA . moed 


na 
- ie 
iam amen oegs 6 hah aud 35 haw | es x ES vbod 


: pw 
Wwipnesoo sulntborgass 1@0H008R QUOTVERT 


~t < 7 m4 F. 
+4) > let f to se tnacons: wo. of mptdlA ao yy oil) mort al 7 A. 
at - uM a 


ene) e cls 2 o9 mtdla youqu! : (oom orig 


7 
ns browne? je teow s (eSael fonanats ban 


at 


of wetoveM ,ddtel pater 


er. i aoestood bre 


-OMMMIORTS GHAUOTE FO YTIIAOOI : 


sio% Seowdauvo2 %.d0f\2.0- 
a 








__ & titty Saadsorigadus by Segiapriqu. ontt (300 ot HOE i 
_ —_— 4 | | 
_— apeengesy ofymin 99 ie 3h pbusaven 
Sue, = > 7 ie 

9 p ditt aie 9. tiah s a> Coe mate pal 


J 





a3 
“ 


T27 


resulting in a "girdle-like" appearance of the body; no tabulation 


apparent; archeopyle apical. 


REMARKS : Cookson and Hughes (1964) remark that most specimens 
of the Cambridge Greensand and those in Australia are seen in apical 
or antapical view; this is also true of specimens from the lower part 
of the Ashville Formation where Chlamydophorella nyei is a common 


form. 


SIZE RANGE: Overall diameter 41 (50) 66 microns. Number of 


specimens measured, 1/7. 


PREVIOUS RECORDS: Chlamydophorella nyei has been reported in 
sediments ranging from Aptian to Cenomanian in Australia (Cookson 
and Eisenack 1958, 1962a); in Cretaceous sediments of Graham and 
Ellef Ringnes Island in Canada (Manum and Cookson 1964); and in 


Albian to Cenomanian sediments of England (Cookson and Hughes 1964). 


LOCALITY OF FIGURED SPECIMENS: Pl. VII, Fig. 10: $/27/3 
6/105 Southwest Potash well; depth 1134-1139 feet. Pl. VII, Fig. 8: 
$/27/2 24.5/108.5 Southwest Potash well; depth 1134-1139 feet. 
Pl. VII, Fig. 9: S/37/3 15.5/98 Southwest Potash well; depth 


1080-1085 feet. 


Cysts, Classification uncertain 


Genus DINOGYMNIMEvitt, Clarke and Verdier 1967 


TYPE SPECIES: Dinogymnium acuminatum Evitt et alice 1967 


or 
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REMARKS: Evitt et al. (1967) describe this form as having 

"tests of variable size and shape, commonly exhibiting a strong 

superficial similarity to motile cells of the modern genus Gymnodinium 

Stein; without indications of tabulation and without an inner body." 
It is distinguished from Gymnodinium by the thickness, 

resistance, and structure of its wall and by the presence of an 


archeopyle (Evitt et al. 1967). 


?Dinogymnium sp. A 


Plate VII, Figure 12. 


DESCRIPTION: Body outline subovoidal to fusiform; divided 
more or less equally into an epitract and a hypotract by a relatively 
wide cingulum bordered on both sides by a ridge; body surface 
ornamented by grooves and ridges, some ridges bifurcate near the 
equator; grooves and ridges continue across the cingulum; apex 


occupied by a small apical archeopyle. 


REMARKS: The generic diagnosis of Evitt et al. (1967) states that 
the septa or other projections do not cross the cingulum but in this 
case they do: other features comply with the generic description. 
Interpretation of this form as a dinoflagellate is somewhat 
questionable and there is a close resemblance to some schizaeceous 


spores. 


SIZE RANGE: Length 84 microns; width 64 microns. Number of 


specimens measured, l. 
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LOCALTIY°OR FICGURED(SPECIMEN;) PIs VIL, Fig: 12: $/17/1 


17.5/112 Southwest Potash well; depth 1191-1196 feet. 


Genus "PALEOPERIDINIUM" Deflandre 1934 
TYPE SPECIES: none designated. 


REMARKS: The category Paleoperidinium was designated by 
Deflandre (1934) to include all the dineriseel tates Oretheseriinc” 
with an aspect of Peridinium of which the tabulation, although 
present, cannot be studied in detail. Consequently they cannot be 
classified with sureness into actual genera. 

Because no type species was designated this genus is invalid 
under the rules of the International Code of Botanical Nomenclature. 

Specimens allocated to this genus should be transferred to 


other appropriate genera. 


"Paleoperidinium" cretaceum Pocock 1962 
Plate VII, Figures 13-15. 


1962 Paleoperidinium cretaceum Pocock, p. 80, pl. 14, figs. 219-222. 


DESCRIPTION: Body outline longer than broad, pentagonal, 
epitract tapering to a point forming an apical horn; hypotract with 
two antapical horns, conical and pointed, one always longer than the 
other; equatorial cingulum well developed, helicoidal; longitudinal 
furrow present on hypotract; body wall thin and transparent, surface 


faintly granulate; no visible tabulation or archeopyle. 
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SIZE RANGE: Length 60 (81) 119 microns; width 41 (68) 88 
microns; length of antapical horns 12-20 microns and 4-5 microns. 


Number of specimens measured, 11. 


PREVIOUS RECORDS: Reported from the Cretaceous of western 


Canada (Pocock 1962 and Singh 1964); also found in the Senonian of 


Europe (in Pocock 1962). 


LOCALITY OF FIGURED SPECIMENS: Pl. VII, Fig. 14: $/16/1 
16/100.5 Southwest Potash well; depth 1196-1198 feet. Pl. Vil. 
Fig. 13: $/16/3 20.5/111 Southwest Potash well; depth 1196-1198 
feet. Pl. VII, Fig. 15: $/14/1 Southwest Potash well; depth 


1203-1208 feet. 


ANTETURMA SPORITES H. Potonié 1893 
Turma TRILETES Reinsch emend. Dettmann 1963 
Suprasubturma ACAVATITRILETES Dettmann 1963 
Subturma AZONOTRILETES Luber emend. Dettmann 1963 


Infraturma LAEVIGATI Bennie and Kidston emend. Potonié 1956 


Genus CYATHIDITES Couper 1953 
TYPE SPECIES; Cyathidites australis Couper 1953. 


REMARKS: Cyathidites is distinguished from Deltoidospora 
Miner 1935 by its concave sides and thin exine; Deltoidospora has 
straight to slightly convex sides and the exine is about 5 microns 


thick. Concavissimisporites Delcourt and Sprumont 1955 emend. 
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Delcourt et al. 1963 is distinguished from both the above genera 


by the presence of subgranulose to verrucose exine ornamentation 


(Singh 1964). 


Cyathidites minor Couper 1953 


Pilates cle biloures ~ 1, 2, 


Boome GyatitaLces minor Couper ip. 2c, pl. 2, fig. 13. 


DESCRIPTION: Trilete spore; laesurae simple, over 3/4 of 
the spore radius, usually gaping; equatorial outline triangular; 
apices broadly rounded, sides slightly concave; distal face 


convex; exine smooth. 


SIZE RANGE: Equatorial diameter 26 (33) 44 microns. Number 


of specimens measured, 18. 


PREVIOUS RECORDS: Lower Jurassic to Upper Cretaceous of 


western Canada (Pocock 1962); Lower Cretaceous Mannville Group 


of Alberta (Singh 1964); Joli Fou, Viking Formations and the upper 


shale unit of the Lower Cretaceous lower Colorado Group (Norris 


1967); Albian of Oklahoma (Hedlund and Norris 1968); Jurassic to 


Cretaceous of Australasia (Couper 1953, Balme 1957, Dettmann 1963). 


LOCALITY OF FIGURED SPECIMEN: Pl. VIII, Fig. 2: S/20/1 
18.5/96 Southwest Potash well; depth 1170-1175 feet. Pl. VIII, 
Fig. 1: $/18/1 18.5/115 Southwest Potash well; depth 1181-1186 


feet. 
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Genus DELTOIDOSPORA Miner emend. Potonié 1956 


TYPE SPECIES: Deltoidospora halla Miner 1935, 


Deltoidospora hallii Miner 1935 


PYate Vultee BLeure: 5. 
For synonymy see Singh (1964, p. 80). 


DESCRIPTION: Trilete spore; laesurae simple, gaping, 
extending to margin of spore; margo 3 to 4 microns wide extends 
from centre for 2/3 spore radius then wedges out; equatorial out- 
line triangular, sides Serer ene to slightly convex; apices rounded; 


exine laevigate and thick. 


SIZE RANGE: Equatorial diameter 36 x 36 microns. Number of 


specimens measured, l. 


PREVIOUS RECORDS: Mesozoic sediments of western Canada 
(Singh 1964); Jurassic and Cretaceous of North America (Miner 1935, 


Pocock 1962, Brenner 1963, Singh 1964, Hedlund 1965, Norris 196/)): 
LOCALITY OF FIGURED SPECIMENS: Pl. VIII, Fig.3: S/is0/2 
19.5/101.5 Southwest Potash well; depth 1117-1123 feet. 
Deltoidospora psilostoma Rouse 1959 


Plate VIII, Figures 4,5. 


1959 Deltoidospora psilostoma Rouse, p. Sleep lene e ties. Oo. 
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DESCRIPTION: Trilete spore; laesurae simple, more than 2/3 
of spore radius; equatorial outline triangular, with well rounded 
apices, sides slightly convex; exine smooth to weakly punctate, 


relatively thick. 


SIZE RANGE: Equatorial diameter 47 (55) 60 microns. Number 


of specimens measured, 5. 


PREVIOUS RECORDS: Upper Jurassic to Upper Cretaceous of 
western Canada (Pocock 1962; Singh 1964). Joli Fou, Viking and 


upper shale units of the lower part of the Colorado Group (Norris 


EO 


LOCALITY OF FIGURED SPECIMENS: Pl. VIII, Fig.5: Sy sya 
9/107.5 Southwest Potash well; depth 1203-1208 feet. Pl. VIII, 
Fig. 6: S/21/1 19/109 Southwest Potash well; depth 1165-1170 


feet. 


Genus UNDULATISPORITES Pflug in Thomson and Pflug 1953 


TYPE SPECIES: Undulatisporites microcutis Thompson and 


Peiue, 1953, 


Undulatisporites undulapolus Brenner 1963 


Plate VILL. Figures 6,12. 


1963 Undulatisporites undulapolus Brenner p. [ieee Dla Cay ute eel. 


133 
















a 
r 


L\S gosta avg -aldiiia sbcue0cnt ;st0qe soalip® morraxmogit: . 
babevos Sinw ddtw. .teluemet<:) soliivo Sedge ;sutbsx sxoqe 26 
.oislusoug ¢odeaw 92 d4dooms onixo® {=9vibe gladgtia noble ,dodtas 
olds yfovidsley 


so det .daesoter GO GE)-Te szotamnth {stxoteupl :S0MAR AS Si ) 
.2 ,bearasoni anomkoeqe 26 
fu 
ote) taqqU of otanesut voqyl) ;EIQORA GUOTVEAT 
bio antuey ,uod klot . (Ol deakt . 360% slong) shaned a39daew 
skavoll) qwo7d) whe 1ofet xt: 20 trey vowel ait So askou slate zaqge 
. (T0er 
‘2.mk4 .TEIV £2 ; SNAG S CeO W VITIAOOT. 
IITV .'9 .ds90) BOSI-CO8! ruqgeb- ; Llaw (@a30% Jeswituoe é.tor\e ’ 


Nit-@i1! daqeh ;iiew deatol Jsowtude vor \er I\is\a 70 £23 


"tae? 


C@@t _vltt Soe Hosmos’T ok gull SAPWOTRERATON agnad | |) a 


bra nosqmod’t alivooxie sodtyoustiglubal : Sante aayt 





DESCRIPTION: Trilete spore; laesurae reaching the margin; 
commissure bordered by narrow lips; equatorial outline triangular 
with slightly concave to convex sides; laesurae strongly undulate 


for about 1/3 to 1/2 the spore radius; exine psilate. 


REMARKS: These specimens possess a smooth exine like those 
described by Brenner (1963); Undulatisporites sp. cf. U. undulapolus 
described by Norris (1967, p. 87) differs in possessing what he 
terms 'fossulae'"’ on the distal face. On some specimens recorded from 
the lower part of the Ashville Formation the sides are slightly 
concave whereas those specimens described by Brenner have straight 
to convex sides. Brenner gives a size range of 23 (33) 43 microns 


on basis of 3 specimens. 


SIZE RANGE: Equatorial diameter 19 (26) 33 microns, Number of 


specimens measured, 4. 


PREVIOUS RECORDS: Potomac Group (upper Barremian to upper 
Albian) of Maryland (Brenner 1963); Albian of Oklahoma (Hedlund and 
Norris 1968). U. cf. undulapolus was reported by (Norris 1967) from 


the Lower Cretaceous of Alberta. 


LOCALITY OF FIGURED SPECIMENS: Pl. VIII, Fig. 6: A/8/2a 


134 


8.5/99 Southwest Potash well; depth 1388-1393 feet. Pl. VIII, Fig. ize 


s/29/1 16/92.5 Southwest Potash well; depth 1123-1129 feet. 


Genus STERIESPORITES Pflug 1953 


TYPE SPECIES: Stereisporites steroides (Potonié and Venitz) 


iat 




















pnigtom add pobiiogos acnuyse: .; 81098 <iihctaiiaet 


salusaeke? aatltne taisodeups ; aqil oneal dental a 


stelobau ylgneide epavess! ;sceble xevegD od Svaonda “ybaigiia. daw 


.otaltag ontxs ; cuthbert sseqe edd SVP od €\l auods, gem : 





agont alti onkxea taedgm mw seoasog ansehopennnndl 7 COULAMA 
sitoge! wim .U .2o 6a sadtiagetta subd ; (C92) zeane78 xa bodtssaab 
ot! dasch nukaaoeeoy at wed3th (18 .q , SOUT) eixvot yd bodiyousb 
baivrcse? anagtooq?s anos np oa latakb off3 no “ani vac" ansed 
yfadeita orn sate ods en olflivdsA ads ta Izaq sewot add 
Wisterte oved rsaneth yd boedd yoeab aromkosqa 940083 asoxodw evasiee 
anuwoke £A (F6) C8 te oeoet aalte © Goyvig wanneTh .eebte xdenee ae 


«aaniooge £. 39 nkasd no 


to vod .onetaim £& (0S) Of eeinemkb Islkandenps :30NAR Bae 


A ,bovotsen eossisann 4 


‘ayqu of naiknetial s9qqu) quot) samasag + RUsIOUNA EBVOLVaART 
bea bowlhelt) etmade lio to nekdls ; (C00) seenest) banigzaMl 20 (oak tA 


mots (TOC! ulys0ll) yo bodszoqo: sow sulepatpbay 29 0 tea atzzoM 
A32s0lA to mvoscese rowod eft 
ott ws 





uaa sa vent IUIV ie Lexi une wo YRBaR 
Ri aA, ne cht tin ai ee 


al wanes a 7 Tas 
re ay) 





mie =! : : 


, 





Pflug 1953 (=Sporites stereoides Potonié and Venitz 1934). 


Stereisporites antiquasporites (Wilson and Webster) Dettmann 1963 


Plate VIII, Figures 7,8. 


For synonymy see Dettmann (1963, p. 25). 


DESCRIPTION: Trilete spore; laesurae simple, 1/2 to 2/3 
of spore radius; equatorial outline sub-triangular with strongly 
convex sides; apices rounded; a low circular distal polar thickening; 


exine smooth. 


SIZE RANGE: Equatorial diameter 20 (26) 29 microns. Number 


of specimens measured, 20. 


PREVIOUS RECORDS: Known from the Upper Jurassic, Cretaceous 
and Tertiary of the northern and southern hemispheres; abundant in 
the Mannville Group (Pocock 1962, Singh 1964); persistent in the 
Joli Fou, Viking and upper shale units of the Lower Cretaceous of 
the lower Colorado Group of Alberta (Norris 1967); upper Albian 
Potomac Group of Maryland (Brenner 1963); and ?Cenomanian of 


Australia (Dettmann 1963). 


LOCALITY OF FIGURED SPECIMENS: Pl. VIII, Fig. 8: S/29/1 
5/107 Southwest Potash well; depth 1123-1129 feet. Pl. VIII, 


Fig. 7: $/18/2 19/98 Southwest Potash well; depth 1186-1191 feet. 
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Infraturma APICULATI Bennie and Kidston emend. Potonié 1956 


Genus CONCAVISSIMISPORITES Delcourt and Sprumont emend. Singh 1964 


TYPES OLEGLES > Concavissimisporites verrucosus Delcourt and 


Sprumont 1955. 


REMARKS : Singh (1964) emended the revised diagnosis of 
Delcourt et al. (1963) to include subgranulose and granulose spores 
as he felt the genus should not be restricted to include only 


verrucose spores as proposed by Delcourt et al. (1963). 


Concavissimisporites granulatus Pocock 1965 


Plate 8, Figure 9. 


1965 Concavissimisporites granulatus Pocock, p. 184, pl. 5, figs. 
jy EM iy 


DESCRIPTION: Trilete spore; laesurae extending almost to 
margin of spore; commissures bordered by narrow lips; equatorial 
outline triangular, sides slightly concave; apices rounded; exine 
about 2 microns thick, ornamented with faint granules proximally and 


distally. 


REMARKS: This specimen is smaller than those described by 


Pocock 48 (53) 58 microns. 


SIZE RANGE: Equatorial diameter 42 x 52 microns. Number of 


specimens measured, l. 



















b20{ Biaetot bien wotehbit bos eta TRATUORA corroded 


$o0! dynted .buems sheminge ban txvoolat ‘eH TINOLREMT 2 AT VAONOD eonsd 


Fe 4 Pp come | : 
lew Juuen dette AOOUTIOY <n} :pnalaioalan ea IOUTS aaYT 
.220L sahomrsqa | | 


io ateoopakb beakvat of bobname (PORL) dpnte + COULAMSIA 
Tiere tt: sao fuk TS ben sao lnthtp due = v4 (eer) se 39 dsnonled 
vino whulork of betobveer of tom bipade aunsg adv 2162 oo ” 


. CEeOT) tn 38. 3 rmooteatt vd boaoqu ty ao 2oToOqe ssosutiay 


Ue! a2090T auctel ono te wed fuoge tak aakveotiod oc 
© oyugtt ,8 o3elt 


.aptt .d .Jy ,A8L .q tooood sutelymuig epi kge 8 coer 
. 


4 7 


at tkemls gnthnetxo ssiyessl jasoqa oteliv® :WOrTarapead 
fehvedaups ;aqil wouwnn yd boxobsed vo7ues tems ;a1oqe Jo aa 
omkxs yhobium: asotge jovesiios yiadgihs sabia (7h logabess onk S40. 


bie ¢l(iemteiorg aoluuetg Jatsi ditw botinesmnve plpidg Ths ae 
vd bodizoieb oxoid odo xo} ume ot meee 


ae 7 
7 


i bine! 


PREVIOUS RECORDS: Uppermost part of the upper Mannville Group 


(middle Albian) of Saskatchewan (Pocock 1965). 


LOCALITY OF FICURED SPECIMEN: Pl. VIII, Fig. 9: $/12/2 


20/104 Southwest Potash well; depth 1213-1220 feet. 


Concavissimisporites punctatus (Delcourt and Sprumont) Singh 1964 
Plate VIII, Figure 10. 


For synonymy see Singh (1964, p. 77). 


DESCRIPTION: Trilete spore; laesurae extending 3/4 of spore 
radius; margo bordering laesurae, narrowing sharply towards the 
ends; equatorial outlinetriangular, sides concave to almost straight, 
apices well rounded; both distal and proximal surfaces have an 


undulose appearance. 


SIZE RANGE: Equatorial diameter 55 (65) 74 microns, Number 


of specimens measured, 3. 


PREVIOUS RECORDS: Upper Mannville Group (Singh 1964); lower 
part of the Colorado Group (Norris 1967), Berriasian of England 


(Couper 1958) and "Wealden" of Belgium (Delcourt and Sprumont 1955). 


LOCALITY OF FIGURED SPECIMENS: Pl. VIII, Fig. 10: $/3/1 


18.5/108 Southwest Potash well; depth 1263-1268 feet. 


Concavissimisporites verrucosus (Delcourt and Sprumont) Pocock 
var, minor Pocock 1962 


PlatesVill,erigure 11. 
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1962 Concavissimisporites verrucosus (Delcourt and Sprumont) 

Wate INOEerOCOCK., De tia Dilymog tLe. |. 

DESCRIPTION: Trilete spore; laesurae about 3/4 of spore 
radius, margo indistinct, obscured by surface ornament; equatorial 
outline triangular with concave sides; apices broadly rounded; 
proximal and distal exine ornamented with large granules about 


imoetoucemicrons ac the base) and up to 2 microns in height. 


REMARKS: This form is similar to Concavissimisporites 
variverrucatus (Couper) Singh 1964 but the ornamentation is 
composed of distinct granules as opposed to the verrucate 


ornamentation of Cc, variverrucatus. 


SIZE RANGE: Equatorial diameter 47 x 52 microns. Number 


of specimens measured, l. 


PREVIOUS RECORDS: Lower Mannville Group (Barremian) of 


western Canada (Pocock 1962). 
LOCALITY OF FIGURED SPECIMEN: Pl. VIII, Fig. 11: A/9/1 
14/103 Alwinsal well; depth 1383-1388 feet. 
Genus OSMUNDACIDITES Couper 1953 
TYPE SPECIES: Osmundacidites wellmanii Couper 1953. 


Osmundacidites wellmanii Couper 1953 
Plate VIII, Figures 13-15. 


For synonymy see Norris (1967, p. 88). 
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DESCRIPTION: Trilete spore; laesurae simple, at least 3/4 of 
spore radius; equatorial contour circular but frequently folded; 


exine ornamented with granulate sculpture. 


REMARKS: Osmundacidites possesses a granular to papillate 
sculpture in contrast to Baculatisporites which has baculate 


ornamentation. 


SIZE RANGE: Equatorial diameter 39 (47) 56 microns. Number 


of specimens measured, 6. 


PREVIOUS RECORDS: Reported from Jurassic and Lower Cretaceous 
sediments in the northern and southern hemispheres; Lower Cretaceous 
Mannville Group of Alberta (Singh 1964); (Norris 1967) reported 
it in all units of the Lower Cretaceous lower part of the Colorado 


Group of Alberta. 


LOCALITY OF FIGURED SPECIMENS: Pl. VIII, Fig. 13: A/14/2 
9.5/92.5 Alwinsal well; depth 1358-1363 feet. Pl. VII, Fig. 15: 
S/11/3 4/99 Southwest Potash well; depth 1220-1225 feet. Pl. VIII, 


Fig. 14: A/17/2 15/112.5 Alwinsal well; depth 1338-1343 feet. 


Genus BACULATISPORITES Thomson and Pflug 1953 


TYPE SPECIES: Baculatisporites primarius (Wolff) Thomson 


and Pflug 1953 (=Sporites primarius Wolff 1934). 
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Baculatisporites cf. B. comaumensis (Cookson) Potonié 1956 


Plate VIII,’ Figure 16. 
For synonymy see Norris (1967, p. 88). 


DESCRIPTION: Trilete spore; laesurae simple and straight; 
equatorial outline suboval; surface baculate, bacula up to 15 microns 


above surface. 


REMARKS: Osmundacidites wellmanii differs in having a thinner 
body wall and in having granular and papillate ornamentation. These 


Specimens extend the size range. 


SIZE RANGE: Equatorial diameter 39 (53) 68 microns. Number of 


specimens measured, /7. 


PREVIOUS RECORDS: Upper Triassic of Europe (Klaus 1960); pre 
Tertiary Comaum Clay of South Australia (Cookson 1953); Jurassic and 
Cretaceous of Australia (Dettmann 1963); Albian or lower to middle 
Kimmeridgian strata of New Zealand (Norris 1968); Lower Cretaceous 
lower part of the Colorado Group of Alberta (Norris 1967); and 


Albian of Oklahoma (Hedlund and Norris 1968). 

LOCALITY OF FIGURED SPECIMEN: Pl. VIII, Fig. 1620516 /a 
19.5/107.5 Southwest Potash well; depth 1208-1213 feet. 

Genus ACANTHOTRILETES Naumova emend. Potonié and Kremp 1954 


TYPE SPECIES: Acanthotriletes ciliatus (Knox) Potonié and 


Kremp 1954 (=Spinoso-sporites ciliatus Knox LODO )E 





















aia : 
i. nd a 4 
deer mbna (nosdgad) gharscumin 9. sho agtiseget ss funpats | ‘ar : 
,Ol oguplt ,IILV eselt, , ‘ - oss oye : 


14. pe = 
(88 .@ (ee) ako} sve ymynonye 20% 


¥ : ; / = a - 
:tiptewe bes oly satuces! ; etege 935) bat : MOTTIIAD GEA, 
ria r (' heal 
anorstm 2s oF ge aluoad,sisivesd sustrua jiaeoim anit sag Tatwudaupe 


eoattue evelda 


thi s getual ah amsGttb hinnemiley sorthipebauaet) ; Os 
sa5'T .foldedismento atjelliqng bus zasluae*g goivad Gk Sas law vbod 
.opaas osla of2 baetep anenitosga 


+ 


ro yor ,afmiszeim OO ¢ 2) HE -yogomelkh latvoteupa : TOMAR asia> 
a i 
'.\ ,boveenom tnoskoaga 


atq ; (O0V! 5 £9) SyoTut 20 22canlyT veqqll » 20HOORR 21 VAT eons 

bas skasenvt ; (eel moeadiooD) seliatgauA Adee? 20: Yel saan viii 

ibbim of towal 26 omidiA ; (LOG! annmddag) atisavouh 36 apa 
tumocntet) vowol ; (600! aiwvro) baslaeS wall I6 pinxie om gb rnb 
bos ;(\ORLl divx) staadiA to quow obaselod: olf 20 sine -sowol a 
(2281 ekizof baw hewlett) esotin £0 ig “ontath 


o 
= 






E\GUNG 20% .pk% ,TEXV.. 64 MRO MABOTY mpeaeasse 


sagt, sieasee ae ;flow deas0% 
ONE ran: 







ae Sh a 


141 


Acanthotriletes varispinosus Pocock 1962 
Plate VIII, Figures 17-20. 
1962 Acanthotriletes varispinosus Pocock, p. 36, pl. 1, figs. 18-20 


For synonymy see Norris (1967, p. 89). 


DESCRIPTION: Trilete spore; laesurae about 3/4 of spore 
radius; equatorial outline subcircular; proximal surface scabrate; 
distal surface spinose, spines pointed, about 6 microns long, base 


1 to 4 microns wide. 


SIZE RANGE: Equatorial diameter 22 (33) 41 microns. Number of 


Specimens measured, 6. 


PREVIOUS RECORDS: Lower Cretaceous (?Berriasian) of England, 
Lower Cretaceous Mannville Group of Alberta and the Lower Cretaceous 
Joli Fou, Viking and upper shale unit of the lower part of the 


Colorado Group of Alberta (Norris 1967). 


LOCALITY OF FIGURED SPECIMENS: Pl. VIII, Fig. 20: S/44/1 
22/102 Southwest Potash well; depth 1035-1040 feet. Pl. VIII, 
Fig. 17; A/8/2a 17/93 Alwinsal well; depth 1388-1393 feet. 

Pile Vitbeonie., 182 A/ 12/1 14/98.5 Alwinsal well; depth 1368-1373 
feet. Pl, VIII, Fig. 19: $/36/1 7.5/95.5 Southwest Potash well; 


depth 1085-1090 feet. 


Genus PILOSISPORITES Delcourt and Sprumont 1955 


TYPE SPECIES: Pilosisporites trichopapillosus (Thiergart) 


Delcourt and Sprumont 1955 (=Sporites trichopapillosus Thiergart 1949). 
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Pilosisporites sp. Norris 1967 


Plate VIII, Figures 21,22. 


1967" ‘Pilosisporites sp. Norris; p. 89; pl. 10, fig. 23. 


DESCRIPTION: Trilete spore; laesurae long, simple, extending 
to the equator; equatorial outline triangular with slightly concave 
sides; proximal and distal sides covered with echinate and papillate; 
projections 0.5 microns to 1 micron in basal diameter, 0.5 microns 


to 2 microns high. 


REMARKS: Pilosisporites brevipapillosus Couper is characterized 
by entirely papillate ornament. Specimens found by Norris (1967, p. 89) 
and specimens of P. brevipapillosus of Brenner (1963, p. 67) show 
echinate and papillate ornamentation as do specimens described here. 
Some specimens do not show interradial thickening. Norris gives a 


size range of 25 - 31 microns. 


SIZE RANGE: Equatorial diameter 24 (30) 37 microns. Number of 


specimens measured, 7. 


PREVIOUS RECORDS : Upper part of the Patapsco Formation (late 
Albian) of Maryland (Brenner 1963); Viking and upper shale of the 
lower part of the Lower Cretaceous Colorado Group of Alberta (Norris 


L967). 


LOCALITY OF FIGURED SPECIMENS: Pl. VIII, Fig. 22: S/11/2 Pea 
Southwest Potash well; depth 1220-1225 feet. Pl. VIII, Fig. 21: A/10/la 


5/102.5 Alwinsal well; depth 1398-1383 feet. 
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Genus APICULATISPORIS Pctonié and Kremp 1956 


TYPE SPECIES: Apiculatisporis aculeatus (Ibrahim) Potonié 1956 


(Apiculatisporites aculeatus Ibrahim 1933). 


Apiculatisporis babsae Brenner 1963 


Plate VILE, Eieure 27. 


1963 Apiculatisporis babsae Brenner, p. 56, pl. 13, figs. 2,3. 


DESCRIPTION: Trilete spore; laesurae simple, 3/4 radius of 
spore; equatorial outline triangular with acute corners; sides 
straight to slightly convex; exine ornamented by coni up to 6 microns 
high and about 3 to 4 microns wide at the basal end; coni about 2 


microns apart. 


SIZE RANGE: Equatorial diameter 39 x 41 microns. Number of 


specimens measured, l. 


PREVIOUS RECORDS: Apiculatisporis babsae was reported from 


the Albian Patapsco Formation of Maryland (Brenner 1963). 


LOCALITY OF FIGURED SPECIMEN: Pl. VIII, Fig. 27: A/17/2 


8.5/111 Alwinsal well; depth 1338-1343 feet. 


Genus NEORAISTRICKIA Potonié 1956 


TYPE SPECIES: Neoraistrickia truncata (Cookson) Potonié 1956 


(=Triletes truncatus Cookson 1953). 
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Neoraistrickia truncata (Cookson) Potonié 1956 


Plate VIII, Figure 23. 


For synonymy see Norris (1967, p. 89). 


DESCRIPTION: Trilete spore; laesurae undulose extending to 
equator, commissures raised, about 1 microns wide; equatorial outline 
rounded triangular; both proximal and distal sides ornamented with 
short broadly based truncate processes ca. 1.5 microns wide and 1.5 


microns high. 


SIZE RANGE: Equatorial diameter (including spines) 30 (33) 


34 microns. Number of specimens measured, 6. 


PREVIOUS RECORDS: Upper Jurassic and Lower Cretaceous of 
western Canada (Pocock 1962); Viking and upper shale units of the 
lower part of the Colorado Group of Alberta (Norris 1967); pre- 


Tertiary clays of Comaum, South Australia (Cookson 1953). 


LOCALITY OF FIGURED SPECIMEN: Pl. VIII, Fig. 23: A/17/1 


10.5/106 Alwinsal well; depth 1338-1343 feet. 


Infraturma MURORNATI Potonié and Kremp 1954 


Genus LYCOPODIUMSPORITES Thiergart ex Delcourt and Sprumont 1955 


TYPE SPECIES: Lycopodiumsporites agathoecus (Potonié) 


Thiergart 1938 (=Sporites agathoecus Potonié 1934). 
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Lycopodiumsporites austroclavatidites (Cookson) Potonié 1956 


Plate VIII, Figure 26, 


For synonymy see Pocock (1962, p. 33). 


DESCRIPTION: Trilete spore; laesurae straight, extending 
3/4 to full length of spore radius; equatorial outline sub-rounded 
to convexly triangular; exine smooth on the proximal surface; 
coarsely reticulate on the distal surface; lumina of reticulum 
about 8 microns, lumina extend beyond edge of spore forming a thin 


membraneous flange-like zone around the equator. 


REMARKS: The size range given by Cookson (1953) is 37-48 


microns. 


SIZE RANGE: Equatorial diameter 34 (44) 51 microns. Number of 


specimens measured, 2. 


PREVIOUS RECORDS: Lower Cretaceous of Alberta (Singh 1964) ; 
from the Santonian of Sweden (Ross 1949); pre-Tertiary clays of 
Comaum, South Australia (Cookson 1953); upper Albian Patapsco of 
Maryland (Brenner 1963) Mannville Group and Lower Cretaceous of the 


lower part of the Colorado Group (Norris 1967). 


LOCALITY OF FIGURED SPECIMEN: Pl. VIII, Fig. 26: A/17/3 11/102.5 


Alwinsal well; depth 1338-1343 feet. 


ta 























OR@i Binasot Camamaws) aeitic inva! 2otgamms andy qeamitbogaayt 


a 


Oh atert ITTV saat " 
(LE .q , 8801) doopet co& waynonge OT 


ithwosxs ,ttpis1ta epsusanl ;S$t0qe oaslay? :MOTILINO ata | j 
bobnvotedee onklive Ips “OILS ; antbet anya ho dipast Liyt oa #t 
josetvue Lanting 14 so ijn’ ontae ; selugdsiz? yixevnos.o8 
meliuohtey 20 etiewl psoctiuve Intelp od. no s3eluoter-cioeses 
aid¢3a 9 grtteme? srvogs To spho hnoved bosixe snianl ano tote ® stvods 


.sotdsups ofd Siwvesa stoe_eigl-egael) svosnaidaal 


ed TE at (C201) noatood wd movlgoagass Gade sat 7 AeA 


- arom2 tm 


to sodmel .anusote [2 GY) o woaeth (eivodaudpi span Bare 
“a eeepc 20 || 


(AWOL tigakS) stvedlA Xo 810998399 “sawoul + MOOS euorveas 
io aunts yuxetizol-onrg ; (200! wack) wena to natnotne® edd mow I 

to ogegsde nmetdiA seqquy; (E22) noadeod) abhex2eud (tvo® ining: | 
sid 2 @u0edn3e1) x9w0d bon quow oflivaneM (200! xsnnexd) bral yzem 
(SOEL abexoll) quod abexesod, afa.2o 320q apwol ” 


@.SO0E) CVU 208 Qe TTY woo Rode 


aa 2 ; - - so : 
7a 7 Me a wae 
a | 


146 


Lycopodiumsporites marginatus Singh 1964 


Plate VIII, Figure 24. 


1964 Lycopodiumsporites marginatus Singh, p. 41, pl. 1, figs. 7-10. 


DESCRIPTION: Trilete spore; laesurae extending 3/4 of spore 
radius or more; commissures raised; equatorial outline rounded - 
triangular with strongly convex sides; proximal surface laevigate 
with three membraneous tangentially arranged muri (one on each inter- 
radial area) approximately midway between the proximal pole and 
equator; distal surface reticulate with large polygonal lumina /-13 


microns in diameter. 


SIZE RANGE: Equatorial diameter 41 (45) 51 microns. Number of 


specimens measured, 2. 


PREVIOUS RECORDS: Aptian to Albian or Cenomanian of Alberta 
(Singh 1964, Norris 1967); Albian of Oklahoma (Hedlund and Norris 


£968); 


LOCALITY OF FIGURED SPECIMENS: Pl. VIII, Fig. 24: $/13/1 


14/99 Southwest Potash well; depth 1208-1213 feet. 


Lycopodiumsporites reticulumsporites (Rouse) Dettmann 1963 


PlatesVILIZeFileures 25; 


For synonymy see Dettmann (1963, p. 45). 


DESCRIPTION: Trilete spore; laesurae straight extending to the 


margin; equatorial outline circular to convexly triangular; exine 
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reticulate; distal and equatorial reticulum; muri low, straight 
sided, usually coalesce to enclose hexagonal or pentagonal lumina 
3 - 6 microns in diameter; proximal surface with reduced sculpture 


of low, radially elongate muri. 


SIZE RANGE: Equatorial diameter 33 (36) 39 microns. Number of 


specimens measured, 2. 


PREVIOUS RECORDS: Bathonian of England (Lantz 1958); probable 
Upper Jurassic of southeast British Columbia (Rouse 1959); Lower 
Cretaceous of Australia (Dettmann 1963); rare in the Lower Cretaceous 


lower part of the Colorado Group of Alberta (Norris 1967). 


LOCALITY OF FIGURED SPECIMEN: Pl. VIII, Fig. 25: $/16/3 


17/97 Southwest Potash well; depth 1196-1198 feet. 


Genus TIGRISPORITES Klaus 1960 


TYPE SPECIES: Tigrisporites halleinis Klaus 1960. 


Tigrisporites scurrandus Norris 1967 
Plate VIIL,) Bieures, 28529: 


1967 Tierisporites scurrandus Norris, p. 91) plo li. fics. 3-7. 


DESCRIPTION: Trilete spore; equatorial outline triangular with 
rounded angles and straight to slightly convex sides; laesurae long, 
raised, lips 0.5 microns to 1 micron wide; distal surface with a 


polar crassitude irregularly rounded in shape with a crenulate margin, 
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extending about one half the equatorial diameter at its maximum extent, 
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sinuous rugulae cover the remainder of the distal face; proximal 


surface mainly laevigate with occasional granules. 


SIZE RANGE: Equatorial diameter 23 (34) 41 microns. Number of 


specimens measured, 2. 


PREVIOUS RECORDS: Upper part of the Joli Fou, Viking and 
upper shale units of the Lower Cretaceous lower part of the Colorado 


Group of Alberta (Norris 1967). 


LOCALITY OF FIGURED SPECIMENS: Pl. VIII, Fig. 29: S/14/1 
8.5/102 Southwest Potash well; depth 1203-1208 feet. Pl. VIII, 


Fig. 28: S/10/2 3/109 Southwest Potash well; depth 1225-1230 feet. 


Genus TAUROCUSPORITES Stover 1962 emend. Playford and Dettmann 1965 
TYPE SPECIES: Taurocusporites segmentatus Stover 1962. 


REMARKS: Playford and Dettmann (1965) restricted the generic 
diagnosis to include forms that are only proximally sculptured, 
which in other (distal) respects are close to Polycingulatisporites 


Simoncsics and Kedves 1961. 
Taurocusporites segmentatus Stover 1962 


Plate VIII, Figure 30. 


1962 Taurocusporites segmentatus Stover, p. 56, pl. 1; figs. 1-14. 


DESCRIPTION: Trilete spore; laesurae extending to the equator, 


raised slightly; equatorial outline rounded-triangular with a smooth 
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to crenulate margin; sides straight to convex; apices rounded; 
three concentric thickened ring-like ridges surrounding a distal 
polar thickening; proximal exine sculptured with indistinct 


irregularly shaped rugulae. 


REMARKS: Staplinisporites Pocock 1962 differs in that it has 
both radially and concentrically arranged distal thickenings. The 
spore wall is cracked as Stover has frequently found with Maryland 


specimens. 


SIZE RANGE: Equatorial diameter 52 x 49 microns. Number of 


specimens measured, 1. 


PREVIOUS RECORDS: Lower Cretaceous of Maryland (Stover 1962) 


and Lower Cretaceous Mannville Group of Alberta (Singh 1964). 
LOCALITY OF FIGURED SPECIMENS: Pl. VIII, Fig. 30: Aja | a 


9/101.5 Alwinsal well; depth 1338-1343 feet. 


Genus RETICULISPORITES Potonié and Kremp in 
Weyland and Krieger 1953 


TYPE SPECIES: Reticulisporites parvogranulatus Weyland and 


Krieger 1953. 


Reticulisporites sp. Norris 1967 


Plate VIII, Figure 34. 


1967 Reticulisporites sp. Norris, p. 91, Die Livecies iLO, Lia 
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DESCRIPTION: Trilete spore; equatorial outline triangular with 
broadly rounded apices and straight to slightly concave sides; 
laesurae straight extending almost to margin; proximal surface 
laewigate; distal surface with imperfect reticulum, lumina angular, 


polyhedral 3 - 5 microns; muri 0.5 microns or less and about 1 micron 


high, 


SIZE RANGE: Equatorial diameter 30 (35) 37 microns. Number of 


specimens measured, 5. 


PREVIOUS RECORDS: Upper shale unit of the lower part of the 


Lower Cretaceous Colorado Group of Alberta (Norris 1967). 


LOCALITY OF FIGURED SPECIMEN: Pl. VIII, Fig. 34: A/8/2a 


17/108 Alwinsal well; depth 1388-1393 feet. 


Genus CICATRICOSISPORITES Potonie and Gelletich 1933 


TYPE SPECIES: Cicatricosisporites dorogensis Potonié and 
Gelletich 1933. 


Cicatricosisporites hallei Delcourt and Sprumont 1955 
Plate Vili, Figures 31-35, 35,36. 


For synonymy see Norris (1967, p. 92). 


DESCRIPTION: Trilete spore; equatorial outline rounded- 
triangular; sides convex; apices rounded; exine ornamented with fine 
ribs, superposition of the ribs of proximal and distal sides forms a 


rhombic net-like pattern. 
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REMARKS: The size range given in the description of the type 
species is a maximum diameter of 35 (40) 5/7 microns. Specimens 
recovered from the Ashville, like those recovered by Norris 1967 
are smaller. "Pelleteria"” minutaestriata Bolkohovitina (1961) is 


similar but is larger. 


SIZE RANGE: Equatorial diameter 26 (33) 45 microns. Number of 


specimens measured, 21. 


PREVIOUS RECORDS. Lower Cretaceous of Belgium, England, 
Maryland and Alberta (Delcourt and Sprumont 1955, Couper 1958; Brenner 
1963; Singh 1964); Lower Cretaceous Mannville Group and Lower 
Cretaceous lower part of the Colorado Group of Alberta (Norris 1967); 


Albian of Oklahoma (Hedlund and Norris 1968). 


LOCALITY OF FIGURED SPECIMENS: Pl. VIII, Fig. 33: S/12/1 
13/96.5 Southwest Potash well; depth 1213-1220 feet. Pl. VIII, 
Fig. 35: A/9/3 15/100 Alwinsal well; depth 1383-1388 feetoerie Vile 
Fig. 32: S/11/2 8.5/98 Southwest Potash well; depth 1220-1225 feet. 
Pl. VIII, Fig. 31: $/11/1 15/97 Southwest Potash well; depth 1208- 


I2bSeceet. 
Cicatricosisporites hughesi Dettmann 1963 


Plate VIII, Figures 39,40. 


1963 Cicatricosisporites hughesi Dettmann, p. 55k, pined@Ogcigse O- 16. 


DESCRIPTION: Trilete spore; laesurae simple slits, straight; 


equatorial outline triangular, sides slightly convex; apices angular ; 


er . a: , a; 
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proximal exine ornamented by muri 2 - 3 microns wide and 3 - 4 microns 
high; separated by lumina 4 - 6 microns wide, muri sinuous, parallel 


to sides of spore coalescing along the bisectors of the apical angles. 


REMARKS: For other specimens that may be conspecific with 


Cicatricosisporites hughesi see Dettmann (1963, p. 55). Appendicis- 
porites potomacensis Brenner 1963 has distinctly developed appendices 


and is smaller. 


SIZE RANGE: Equatorial diameter 60 x 64 microns. Number of 


specimens measured, l. 


PREVIOUS RECORDS: Aptian, Albian and ?Cenomanian of Australia 
and possibly Lower Cretaceous strata of England and Russia; Lower 
Cretaceous and Cenomanian of the United States according to Dettmann 
(1963). Norris (1967) reported it from the lower part of the Colorado 


Group of Alberta. 


LOCALITY OF FIGURED SPECIMEN: Pl. VIII, Figs. 39,40: S/43/1 


8/107 Southwest Potash well; depth 1040-1045 feet. 


Cicatricosisporites perforatus (Baranov et al.) Singh 1964 


Plate VIII, Figures 37,38,41. 


For synonymy see Singh (1964, p. 58). 


DESCRIPTION: Trilete spore; laesurae straight, extending to 
margin, commissures raised; equatorial outline triangular, sides 


convex, apices rounded; proximal surface ornamented by 5 sets Ge Tips 
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3 - 5 microns wide, spaced about 1 micron apart running parallel 

to the sides of the spore, extending to the equator; distal surface 
ornamented by about 9 ribs, 2 - 3 microns wide, spaced about 1 micron 
apart, disposed obliquely to one side of the spore from the opposite 
apex, muri merge at the apices, muri ornamented by a single row of 
perforations in both distal and proximal surfaces, perforations 


about 1/2 micron in diameter and 1.5 to 2 microns apart. 


REMARKS: The size range of these specimens falls between the 
size range stated by Singh (1964) (48 to 58 microns) and the size 
range of Russian specimens stated by Baranov et al. (1959) (35.5 to 
36.8 microns). This presents some evidence that the two previously 


known ranges may represent a continuous size range. 


SIZE RANGE: Equatorial diameter 37 (50) 56 microns. Number of 


specimens measured, 5. 


PREVIOUS RECORDS: Mannville Group and Colorado Group (Lower 
Cretaceous) of western Canada (Pocock 1962, Singh 1964); Aptian to 


Tusone4neorecuesl.o.S5.R. (Baranoviet al 2 1959). 


LOCALITY OF FIGURED SPECIMENS: Pl. VIII, Fig. 41: A/17/1 
10.5/94 Alwinsal well; depth 1338-1343 feet. Pl. VIII, Figs. 37,38: 


S/43/1 7/103 Southwest Potash well; depth 1040-1045 feet. 


Cicatricosisporites sp. Singh 1964 
Plate VIII, Figure 42. 


For synonymy see Norris (1967, P. 93) 
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DESCRIPTION: Trilete spore; laesurae long, straight, 
reaching the equator, often torn along laesurae; body outline 
triangular with crenulate margin formed by ribs; ribs sub parallel 


to outline on proximal side and oblique on other. 


SIZE RANGE: Equatorial diameter 56 microns. Number of 


specimens measured, l. 


PREVIOUS RECORDS: Lower Cretaceous from the upper Mannville 
Group of western Canada (Singh 1964) and the lower part of the 


Colorado Group of western Canada (Norris 1967). 


LOCALITY OF FIGURED SPECIMEN: Pl. VIII, Fig. 42: S$/14/1 9.5/94.5 


Southwest Potash well; depth 1203-1208 feet. 


Cicatricosisporites sp. Norris 1967 


Plate Ix; "Ficure sl 


For synonymy see Norris (1967, p. 93). 


DESCRIPTION: Trilete spore; equatorial outline triangular 
with rounded apices and straight to convex sides; laesurae about 
3/4 of spore radius, simple; proximal surface ornamented with 6 or 
7 sets of muri, each 3 - 4 microns wide, continuing around the apices; 
distal surface ornamented with muri, outer 3-4 sets parallel to 


outline of spore, muri 3-4 microns wide. 


SIZE RANGE: Equatorial diameter 68 microns. Number of specimens 


measured, l. 
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PREVIOUS RECORDS: Lower Cretaceous upper Mannville Group of 
western Canada (Singh 1964) and the Lower Cretaceous lower part of 


the Colorado Group of Alberta (Norris 1967). 


LOCALITY OF FIGURED SPECIMEN: Pl. IX, Fig. 1: S/6/1 17/114 


Southwest Potash well; depth 1249-1253 feet. 


Cicatricosisporites sp. A 


Plate IX, Figure 2. 


DESCRIPTION: Trilete spore; laesurae simple, about 3/4 of 
spore radius, equatorial outline triangular with broadly rounded 
apices and straight to convex sides; surface ornamented with fine 
muri about 0.5 microns wide, muri with sharply rounded tops, spaced 


1-1.5 microns apart. 


STZE RANGE: Maximum diameter 60 microns. Number of specimens 


measured, l. 


LOCALITY OF FIGURED SPECIMEN: Pl. 9, Fig. 2: S/44/3 6.5/106 


Southwest Potash well; depth 1035-1040 feet. 


Subturma ZONOTRILETES Waltz 1935 


Infraturma AURICULATI Schopf emend. Dettmann 1963 


Genus APPENDICISPORITES Weyland and Krieger 1953 


TYPE SPECIES: Appendicisporites tricuspidatus Weyland and 


Greifeld 1953. 
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Appendicisporites symskiensis (Markova) n. comb. 


Plate IX, Fieure 9. 


1961 Anemia symskiensis Markova in Samoilovitch et al., p. 81, 

palin: MOAN? Says ae ne Ee 

DESCRIPTION: Trilete spore; laesurae indistinct, probably 
reaching apices; equatorial outline triangular, sides concave; 
apices large, globular; exine ornamented by numerous fine muri 
which extend parallel to the sides of the spore on the distal 
surface; muri fold around the apices onto the proximal surface where 
they wedge out obliquely against the laesurae, muri ornamented by 


small granules. 


SIZE RANGE: Equatorial diameter (67 x 89 microns. Number of 


specimens measured, l. 


PREVIOUS RECORDS: Middle Cretaceous, Cenomanian of western 


Siberia (Samoilovitch et al. 1961). 
LOCALITY OF FIGURED SPECIMEN: Pl. IV, Fig. 9: S/3/1 6/102 
Southwest Potash well; depth 1263-1268 feet. 
Appendicisporites tricornitatus Weyland and Greifeld 1953 


Plate IX, Figures 7,8. 


1953 Appendicisporites tricornitatus Weyland and Greifeld, p. 43, 
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DESCRIPTION: Spore trilete; laesurae long, reaching almost 
to the equator; equatorial outline more or less triangular with 
straight to slightly convex sides and rounded angles prolonged as 
appendices about 4 microns long; proximal surface laevigate except 
for one triangular set of muri close to the equator and parallel to 
the equatorial outline; distal surface laevigate with 3 or 4 
triangular sets of muri parallel to the margin; muri 2-4 microns wide; 
proximal side with 2 or 3 sets of muri prolonged into appendices 


at the angles. 


SIZE RANGE: Equatorial diameter 39 (43) 48 microns. Number 


of specimens measured, 4. 


PREVIOUS RECORDS: Cretaceous. Abundant in the Mannville Group 
of Alberta (Singh 1964), lower Senonian of Germany (Weyland and 
Greifeld 1953); appears first at the top of the Berriasian in Europe 


(Hughes 1958). 


LOCALITY OF FIGURED SPECIMENS: Pl. IX, Fig. 7: A/10/1 14.5/116 
Alwinsal well; depth 1378-1383 feet. Pl. IX, Fig. 8: A/17/1 13/106 


Alwinsal well; depth 1338-1343 feet. 


Appendicisporites unicus (Markova) Singh 1964 


Plate IX, Figure 5. 


For synonymy see Singh (1964, p. 53). 


DESCRIPTION: Trilete spore; laesurae almost to margin of spore, 


commissures raised; equatorial outline triangular; exine laevigate; 
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sides straight to convex; distal face ornamented by about 3 muri 
parallel to the sides of the spore; proximal face about 2 muri 


parallel to the sides of the spore. 


SIZE RANGE: Equatorial diameter 44-48 microns. Number of 


specimens measured, 2. 


PREVIOUS RECORDS: Albian of Alberta; Cenomanian of Siberia 


(Samoilovitch et al. 1961); Grand Rapids Formation of Alberta (Singh 


1964) and upper shale unit of the lower part of the Colorado Group 


(Norris 1967). 


LOCALITY OF FIGURED SPECIMEN: Pl. IX, Fig. 5: $/16/3 20/98 


Southwest Potash well; depth 1196-1198 feet. 


Appendicisporites sp. A 


Plate IX, Figures 3,4. 


DESCRIPTION: Trilete spore; laesurae simple slits, extending 
about 1/2 spore radius; equatorial outline subtriangular; apices 
well rounded; proximal exine ornamented by 3 to 5 micron wide 
ribs, with 3 ribs in each interapical area, parallel to the 
equatorial outline; distal face ornamented by a series of parallel 
ribs 5 microns wide separated by furrows about 1 micron wide and 
disposed obliquely to one side of the spore from the opposite apex, 


these distal ribs merging with the equatorial zone. 


REMARKS: The proximal ridges continue around the apices 


onto the distal surface. 
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SIZE RANGE: Equatorial diameter 44 x 57 p. Number of specimens 
measured, 1. 
LOCALITY OF FIGURED SPECIMEN: S/7/3 20.5/107 Southwest Potash 


well; depth 1240-1245 feet. 


Infraturma TRICRASSATI Dettmann 1963 


Genus GLEICHENIIDITES Ross ex Delcourt & Sprumont emend. 
Dettmann 1963 
TYPE SPECIES: Gleicheniidites senonicus Ross 1949. 


Gleicheniidites apilobatus Brenner 1963 


Plate IX, Figures 14,15. 


1963 Gleicheniidites apilobatus Brenner, p. 52, pl. 11, figs. 2-3. 
1964 Gleicheniidites cf. G. circinidites (Cookson) Singh, p. 69, 


ple 5 Ssetdigscs dl 0 hls 


DESCRIPTION: Trilete spore; laesurae bordered by a thin margo, 
reaching to the equator; equatorial outline broadly triangular; apices 
pointed and rhombic in shape; sides slightly concave; on distal side a 
ridge crosses the apical lobe at its greatest width, probably due to 
folding; apical ridges connected by continued ridge development along 
the distal side close to the equator; exine smooth. 

REMARKS: Gleicheniidites cf. G. circinidites (Cookson) 

Singh 1964 appears synonymous with Gleicheniidites apilobatus (Brenner, 
1963). 
This form resembles Deltoidospora juncta (Singh 1964) but 


laesurae do not reach the margin and sides are not strongly concave. 
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SIZE RANGE: Equatorial diameter 28 x 28 microns. Number of 


specimens measured, 2. 


PREVIOUS RECORDS: Recorded from the Albian Potomac Group 


of Maryland (Brenner 1963). 


LOCALITY OF FIGURED SPECIMENS: Pl. IX, Fig. 14: S/30/1 
8.5/96.5 Southwest Potash well; depth 1117-1123 feet. Pl. IX, 


Fig. 15: A/8/la 10/101 Alwinsal well; depth 1388-1393 feet. 


Gleicheniidites senonicus Ross ex Delcourt and Sprumont 1955 


Plate IX, Figures 6,10. 


For synonymy see Singh (1964, p. 69). 


DESCRIPTION: Trilete spore; laesurae simple, extending to 
the equator; equatorial outline triangular ; apices acute; sides 
straight to concave; proximo-distal flattening resulting in 
three folds on distal side parallel to outer margin of spore; 


exine smooth. 


SIZE RANGE: Equatorial diameter 20 (29) 39 microns. Number 


of specimens measured, 23. 


PREVIOUS RECORDS: Middle Jurassic to Upper Cretaceous in the 


northern hemisphere (Norris 1967). 


LOCALITY OF FIGURED SPECIMENS : Plo iXeehie 0s A/10/3 
3/100.5 Alwinsal well; depth 1378-1383 feet. Dively Fae, oLO- 


s/27/3 8/105.5 Southwest Potash well; depth 1134-1139 feet. 
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Genus PUNCTATRILETES Pierce 1961 


TYPE SPECIES: Punctatriletes magnimundus Pierce 1961. 


Punctatriletes parvimundus Pierce 1961 


Plate, [X> sFiecuresL.; 
1961 Punctatriletes parvimundus Pierce, p. 28, pl. 1, fig. 13. 


DESCRIPTION: Trilete spore; laesurae straight, simple slits, 
extending to the equator; equatorial outline triangular; interradial 


crassitudes; exine punctate. 


REMARKS: Though interradial thickening is not mentioned in 
Pierce's description it is apparent on the figured specimen and 


corresponds to those seen in these specimens. 


SIZE RANGE: Equatorial diameter 22 (30) 37 microns. Number 


of specimens measured, ll. 


PREVIOUS RECORDS: Upper Cretaceous (?Cenomanian) of Minnesota 


(Pierce 1961). 
LOCALITY OF FIGURED SPECIMEN: Pl. 9, Fig. 11: S$/16/3 
17.5/96.5 Southwest Potash well; depth 1196-1198 feet. 


Genus SESTROSPORITES Dettmann 1963 


TYPE SPECIES: Sestrosporites irregulatus (Couper) Dettmann 


1963 (=Foveotriletes irregulatus Couper 1958). 
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Sestrosporites cf. S. pseudoalveolatus (Couper) Dettmann 1963 


Plate IX, Figure 12. 


DESCRIPTION: Trilete spore; laesurae extending to the 
equator, commissures simple slits; sides convex; proximal surface 
granulate; equatorial exine differentially thickened in interradial 
regions where crassitudes are developed; in compressed specimens a 
membraneous equatorial "zona'' formed; exine sculptured with deep 


foveolae. 


REMARKS: Dettmann (1963, p. 66) has shown that the zona is a 
feature induced by compression and/or prolonged maceration which 


results from rupture of the interradial crassitudes. 


SIZE RANGE: Equatorial diameter 47 (51) 54 microns. Number 


of specimens measured, 2. 


PREVIOUS RECORDS: Aptian to lower Albian of Alberta (Singh 
1964); Bajocian to Aptian of Britain (Couper 1958); Lower Cretaceous 
of Australia (Dettmann 1963) and the Lower Cretaceous lower part of 


the Colorado Group of Alberta (Norris 1967). 


LOCALITY OF FIGURED SPECIMEN: Pl. IX, Fig. 12: A/8/2a 


18.5/102 Alwinsal well; depth 1388-1393 feet. 


Genus CORONATISPORA Dettmann 1963 


TYPE SPECIES: Coronatispora perforata Dettmann 1963. 
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Coronatispora valdensis (Couper) Dettmann 1963 


Plate IX, Figure 13. 


For synonymy see Norris (1967, p. 96). 


DESCRIPTION: Trilete spore; laesurae extending to the equator, 
commissures raised; equatorial outline rounded triangular; proximal 
surface smooth, with scattered granules; distal surface with two 
concentric bands of thickened exine, outer band separated from 
cingulum by a 5 micron wide zone, inner thickening surrounding the 


distal pole. 


REMARKS: Singh (1964, p. 85) remarks that the distal pole 
possesses a thickened granulose boss which may become detached 
leaving a thin granulose area exposed. The feature is recognizable 


on the specimen figured here. 


SIZE RANGE: Equatorial diameter 43 x 45 microns. Number of 


specimens measured, l. 


PREVIOUS RECORDS: Upper Jurassic of England (Lantz 1958, 
Norris 1963); Wealden and Aptian of England (Couper 1958) ; Lower 
Cretaceous of western Canada (Pocock 1962, Singh 1964); Albian of 
Maryland (Brenner 1963); Norris (1967) recovered one specimen from 
the upper shale unit of the Lower Cretaceous lower part of the 


Colorado Group of Alberta. 


LOCALITY OF FIGURED SPECIMEN: Pl. IX, Fig. 13: $/17/3 


10.5./110 Southwest Potash well; depth 1191-1196 feet. 
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Genus CAMAROZONOSPORITES Pant ex Potonie emend. Klaus 1960 


TYPE SPECIES: Camarozonosporites cretaceous (Weyland and 


Krieger) Potonié 1956. 


REMARKS: The emended diagnosis of Klaus describes the 


genus as rugulate distally and with reduced proximal sculpture. 


Camarozonosporites insignis Norris 1967 


Plate IX, Figures 19-21,26,27. 


For synonymy see Norris (1967, p. 96). 


DESCRIPTION : Spore trilete; laesurae simple, straight, 
extending 3/4 of spore radius, often folded back; proximal surface 
with low indistinct rugulae; distal surface ornamented with 
thicker branching rugulae; interradial crassitudes 3-4 microns wide 


at the equator. 


SIZE RANGE: Equatorial diameter 30 (37) 52 microns. Number 


of specimens measured, 12. 


PREVIOUS RECORDS: Albian of Maryland (Brenner 1963); Viking 
and upper shale units of the Lower Cretaceous lower part of the 
Colorado Group of Alberta (Norris 1967); and Albian of Oklahoma 


(Hedlund and Norris 1968). 


LOCALITY OF FIGURED SPECIMENS: Pl. IX, Fig. 19,20: A/15/1 
20.5/106 Alwinsal well; depth 1353-1358 feet. Pl. IX, Figs. 26,27: 


§/23/1 7/104.5 Southwest Potash well;depth 1139-1144 feet. 
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Phy IX; Pag. 21; $/14/1 21/93 Southwest Potash well; depth 


1203-1208 feet. 


iuiratiurma GINCULATI Potonie and Klaus emend. Dettmann 1963 


Genus CONTIGNISPORITES Dettmann 1963 


TYPE SPECIES: Contignisporites glebulentus Dettmann 1963. 


Contignisporites sp. cf. C. cooksonii (Balme) Dettmann 1963 


Plate IX, Figure 25. 


For synonymy see Dettmann (1963, p. 75). 


DESCRIPTION: Trilete spore; laesurae indistinct, extending 
to spore margin, distal face ornamented by a series of about 8 
parallel rounded muri 3-6 microns wide and about 1 micron apart, 
muri disappear at the proximo-distal margin forming a thickened 


cingulum; proximal surface smooth with a few small granules. 


REMARKS: Dettmann states a size range of 39 (50) 59 microns. 


This specimen is significantly larger. 


SIZE RANGE: Equatorial diameter 47 x 77 microns. Number of 


specimens measured, l. 


PREVIOUS RECORDS; Contignisporites cooksonii has been described 
from Oxfordian to Aptian strata of Western Australia (Balme 1957); 
(Bolkhovitina 1961) described it from Barremian to Aptian sediments 
of the U.S.S.R.; reported from Aptian strata of southeast Australia 


(Dettmann 1963). 
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LOCALITY OF FIGURED SPECIMEN: Pl. IX, Fig. 25: A/12/1 


11/102.5 Alwinsal well; depth 1368-1373 feet. 


Contignisporites perplexus (Singh)Norris 1967 


Plate Wx yeFicure 7516; 


1964 “Appendicisporites: perplexus Sinsh,.p; 55,9pls 5, figs. 6-9. 
1967 Contignisporites perplexus (Singh) Norris, p. 98, pl. 14, 

figs. 1-4. 

DESCRIPTION: Trilete spore; laesurae simple slits or slightly 
gaping, bordered by a mar go which becomes narrower and thinner 
toward the extremities, laesurae about 3/4 spore radius; equatorial 
outline triangular with straight sides and rounded apices; cingulum 
5-6 microns wide with thickenings at the apices adjacent to the 
laesurae; distal surface ornamented by a thickened triangular 


shield made up of a number of parallel ribs. 


REMARKS: The specific name is derived from "perplexus" 
(intricate or involved) referring to the intricate distal ornament - 


ation, which is described in Singh (1964, p. 55). 


SIZE RANGE: Equatorial diameter 37 (43) 45 microns. Number 


of specimens measured, 4. 


PREVIOUS RECORDS: Upper part of the Lower Cretaceous Mannville 
Group of Alberta (Sing 1964); Lower Cretaceous lower part of the 


Colorado Group of Alberta (Norris 1967). 
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LOCALITY OF FIGURED SPECIMENS: Pl. IX, Fig. 18: S/44/3 
14.5/101 Southwest Potash well; depth 1035-1040 feet. Pl. IX, 


Fig. 17: A/9/1 14/108.5 Alwinsal well; depth 1383-1388 feet. 


Genus CIRRATRIRADITES Wilson and Coe 1940 


TYPE SPECIES: Cirratriradites saturni (Ibrahim) Schopf, 


Wilson and Bentall 1944 (=Sporonites saturni Ibrahim 1932). 


?Cirratriradites teter Norris 1967 


Plate IX, Figure 34. 
1967. Cirratriradites teter Norris, p. 98, pl. 14, fig. 8. 


DESCRIPTION: Trilete spore; laesurae long, extending to 
equator, straight, thin granulate lips, equatorial outline rounded 
triangular; proximal and distal surfaces eranular; a thin zona-like 


thickening around the equator. 


REMARKS: The species described here appears to be the same 
as that figured by Norris (1967, pl. 14, fig. 8). Neither of these 
forms show a well developed zona characteristic of the genus 
Cirratriradites although there is a faint indication of such a 


thickening surrounding the equator. 


SIZE RANGE: Equatorial diameter 30 (38) 45 microns. Number 


of specimens measured, 4. 
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PREVIOUS RECORDS: Norris (1967) records this form from 
the Viking and upper shale units of the Lower Cretaceous lower 


part of the Colorado Group of Alberta. 


LOCALITY OF FIGURED SPECIMEN: Pl. IX, Fig. 34: S$/36/1 


20.5/96 Southwest Potash well; depth 1085-1090 feet. 


Turma MONOLETES Ibrahim 1933 
Suprasubturma ACAVATOMONOLETES Dettmann 1963 
Subturma AZONOMONOLETES Luber 1935 
Infraturma LAEVIGATOMONOLETI Dybova and Jachowicz 1957 


Genus LAEVIGATOSPORITES Ibrahim 1933 


TYPE SPECIES: Laevigatosporites vulgaris (Ibrahim) Ibrahim 


1933 (=Sporonites vulgaris Ibrahim 1932). 


Laevigatosporites ovatus Wilson and Webster 1946 


Plate IX, Figures 23,24. 


1946 Laevigatosporites ovatus Wilson and Webster, p. 2/1, £180 5. 


DESCRIPTION: Monolete spore; suture straight; outline reniform; 


exine smooth to infrapunctate. 


SIZE RANGE: Length 30 (34) 39 microns; breadth 20 (24) 28 


microns; length to breadth ratio (average) 1.4. 


PREVIOUS RECORDS: Widley distributed in the Jurassic and 


Cretaceous; common in the Mannville Group and lower part of the 
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Colorado Group of Alberta (Norris 1967). 


LOCALITY OF FIGURED SPECIMEN; Pl. IX, Figs. 23,24: S$/36/2 


12.5/106 Southwest Potash well; depth 1085-1090 feet. 


Turma HILATES Dettmann 1963 
Genus AEQUITRIRADITES Delcourt and Sprumont emend. 
Cookson and Dettmann 1961 


TYPE SPECIES: Aequitriradites dubius Delcourt and Sprumont 


emend. Delcourt et ialee963% 


Aequitriradites spinulosus (Cookson and Dettmann) 
Cookson and Dettmann 1961 


Plate IX, Figure 36. 
For synonymy see Singh (1964, p. 88). 


DESCRIPTION: Hilate spore; laesurae indistinct to absent; 
equatorial outline subcircular; central body circular in equatorial 
section surrounded by a hyaline zona; proximal surface scabrate; 


distal surface indistinct. 


REMARKS: The ornamentation is indistinct on poorly preserved 


specimens. 


SIZE RANGE: Overall diameter 51 (56) 62 microns. Internal body 


39 (40) 43 microns. Number of specimens measured, 5. 


PREVIOUS RECORDS : Lower Cretaceous of eastern Australia 


(Cookson and Dettmann 1958a); Lower and Upper Cretaceous of the 
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Viliuisk Basin, U.S.S.R. (Bolkhovitina 1959); Mannville Group of 


Alberta (Singh 1964). 


LOCALITY OF FIGURED SPECIMENS: Pl. IX, Fig. 36: S/36/1 


7.5/92 Southwest Potash well; depth 1085-1090 feet. 


Anteturma POLLENITES Potonie 1931 
Turma SACCITES Erdtman 1947 
Subturma MONOSACCITES Chitaley emend. Potonié and Kremp 1954 
Infraturma SACCIZONATI Bhardwaj 1957 


Genus CEREBROPOLLENITES Nilsson 1958 


TYPE SPECIES: Cerebropollenites mesozoicus (Couper) Nilsson 


1958 (=Tsugaepollenites mesozoicus Couper 1958). 


Cerebropollenites mesozoicus (Couper) Nilsson 1958 


Platesixearioures 22, 
For synonymy see Norris (1967, p. 100). 


DESCRIPTION: Outline circular to subcircular; central body 
surrounded equatorially by a narrow bladder; exine very finely 
granulate to subgranulate; bladder characterized by radial folding 


giving it a frilled appearance. 


SIZE RANGE: Equatorial diameter 37 (56) 7/ microns. Number of 


specimens measured, 3. 
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PREVIOUS RECORDS: Lower Jurassic to Lower Cretaceous of 
Europe (Couper 1958); Albian of Maryland (Brenner 1963); Lower 
Cretaceous Mannville Group of Alberta (Singh 1964) and from the 
Lower Cretaceous lower part of the Colorado Group of Alberta 


(Norris 1967). 


LOCALITY OF FIGURED SPECIMEN: Pl. IX, Fig. 22: S/16/2 


20.5/112 Southwest Potash well; depth 1196-1198 feet. 


Subturma DISACCITES Cookson 1947 


Genus RUGUBIVESICULITES Pierce 1961 


TYPE OPEGLES; Rugubivesiculites reductus Pierce 1961. 


Rugubivesiculites reductus Pierce 1961 


Plate IX, Figure 54. 
1961 Rugubivesiculites reductus Pierce, p. {ieee D lel files. 045057 


DESCRIPTION: Bissacate pollen, internal reticulum well 
developed; exine about 2 microns thick; saccate marginal frill well 


developed; rugulate ridges coarsely developed on central body. 


STZE RANGE: Maximum diameter 45 (48) 50 microns, including 


wings 74 (76) 80 microns. Number of specimens measured, 


PREVIOUS RECORDS: ?Cenomanian of Minnesota (Pierce 1961) ; 
upper Albian of the Atlantic Coastal Plain of Maryland and Delaware 


(1963, 1967); rare in the Viking and upper shale unit of the Lower 
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Cretaceous lower part of the Colorado Group of Alberta (1967). 


LOCALITY OF FIGURED SPECIMEN: Pl. IX, Fig. 54: $/30/1 


6.5/103 Southwest Potash well; depth 1117-1123 feet. . 


Turma ALETES Ibrahim 1933 
Subturma AZONALETES Luber emend. Potonié and Kremp 1954 
Infraturma PSILONAPITI Erdtman emend. Potonié 1958 
Genus INAPERTUROPOLLENITES Pflug ex Thomson and Pflug emend. 
Potonié 1958 
TYPE SPECIES: Inaperturopollenites dubius (Potonie and Venitz) 
Thomson and Pflug 1953 (=Pollenites magnus dubius Potonié and 


Venitz 1934). 


Inaperturopollenites dubius (Potonié and Venitz) 
Thomson and Pflug 1953 


Plate IX, Figure 16. 


For synonymy see Norris (1967, p. 104). 


DESCRIPTION: Inaperturate pollen; equatorial outline sub- 


sphaerical; exine thin infrapunctate to granulate. 


SIZE RANGE: Equatorial diameter 20 (30) 3/7 microns. Number of 


specimens measured, 20. 


PREVIOUS RECORDS: Common throughout the Jurassic, Cretaceous 


and Tertiary (Norris 1967). 
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LOCALITY OF FIGURED SPECIMENS: Pl. IX, Fig. 16: A/17/2 


11/104 Alwinsal well; depth 1338-1343 feet. 


Turma PLICATES Naumova emend. Potonié 1966 
Subturma PRAECOLPITES Erdtman emend. Couper 1958 


Genus EUCOMMIIDITES Erdtman emend. Hughes 1961 


TYPE SPECIES: Eucommiidites troedssonii Erdtman emend. 


Hughes 1961. 


Eucommiidites troedssonii Erdtman emend. Hughes 1961 


Plate IX, Figure 28. 


For synonymy see Singh (1964, p. 128). 


DESCRIPTION: Pollen with oval equatorial outline; median 
furrow extending almost whole length of grain on one side; opposite 
side bearing a ring furrow near the margin; exine thinner in area 


of ring furrow. 


SIZE RANGE: Length (average) 30 microns, breadth (average) 


28 microns. Number of specimens measured, 5. 


PREVIOUS RECORDS: Jurassic and Lower Cretaceous (Singh 1964) ; 
Upper Jurassic and Lower Cretaceous of western Canada (Pocock #1962) ; 
Lower Lias of Sweden (Erdtman 1948); Middle and Upper Jurassic and 


Wealden of England (Couper 1958). 
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LOCALITY OF FIGURED SPECIMEN: Pl. IX, Fig. 28: $/37/3 


6/101.5 Southwest Potash well; depth 1080-1085 feet. 


Subturma POLYPLICATES Erdtman 1947 


Genus EQUISETOSPORITES Daugherty emend. Singh 1964 


TYPE SPECIES: Equisetosporites chinleana Daugherty 1941. 


Equisetosporites staplinii Pocock 1965 


Plate IX, Figure 29. 


1965 Equisetosporites staplinii Pocock, p. VWAOmep ileal ties. -24~25. 


DESCRIPTION: Acolpate pollen; ellipsoid; smooth nexine 
overlain by a thick sexine; sexinous ridges unbranched, Strarent. 
3-4 microns wide in the middle, narrowing at the longitudinal ends, 
low gently rounded, 8 or 9 in number; furrows narrow, about 1 micron 


wide unbranched, ridges run obliquely across grain due to twisting. 


REMARKS : Equisetosporites concinnus Singh 1964 differs in size 


having more and wider ridges, coalescing ridges, and is larger. 


SIZE RANGE: Length 30 to 37 microns; width 14 microns. Numb er 


of specimens measured, 2. 


PREVIOUS RECORDS: Middle Albian uppermost Mannville Group 


(Pocock 1965) of Alberta. 


LOCALITY OF FIGURED SPECIMEN: Pl. IX, Fig. 29: $/23/1 


15/110 Southwest Potash well; depth 1155-1160 feet. 
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Equisetosporites sp. A 


Plate IX, Figures 30,31. 


DESCRIPTION: Acolpate pollen; ellipsoidal, narrower 
at one end; nexine smooth; sexinousridges mainly unbranched but 
some branched, about 3 microns wide in the middle, low gently 
rounded, running obliquely across grain, about 16 in number; criss- 


cross pattern produced by ridges due to twisting of the grain. 


SIZE RANGE: Length 67 microns; width 26 microns. Number 


of specimens measured, l. 


LOCALITY OF FIGURED SPECIMEN: Pl. IX, Figs. 30,31: A/8/2a 


17.5/104.5 Alwinsal well; depth 1388-1393 feet. 


Subturma MONOCOLPATES Iversen and Troels-Smith 1950 


Genus CYCADOPITES Wodehouse ex Wilson and Webster 1946 


TYPE SPECIES: Cycadopites follicularius Wilson and Webster 


1946. 


Cycadopites fragilis Singh 1964 


Plate IX, Figures 32,33. 


For synonymy see Norris (1967, p. 105). 


DESCRIPTION: Monosulcate pollen, fusiform; sulcus extending 
full length of grain, usually closed in the middle; exine faintly 


granular. 
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SIZE RANGE: Length 24 (32) 36 microns; breadth 15 (16) 19 


microns. Number of specimens measured, 5. 


PREVIOUS RECORDS: Jurassic and Cretaceous of western Canada 
(Pocock 1962, Singh 1964); Lower Cretaceous, lower part of the 


Colorado Group of Alberta (Norris 1967). 


LOCALITY OF FIGURED SPECIMENS: Pl. IX, Fig. 32: $/20/3 
3/103.5 Southwest Potash well; depth 1170-1175 feet. Pl. IX, 


Pie. 333 A/13/3 17/104 Alwinsal *well;*depth 1363-1368 feet. 


Genus CLAVATIPOLLENITES Couper 1958 


TYPE SPECIES: Clavatipollenites hughesii Couper 1958. 


Clavatipollenites hughesii Couper 1958 


Plate 1X) Fisures 37,38: 
For synonymy see Norris (1967, p. 106). 


DESCRIPTION: Monosulcate pollen; sulcus broad and running 
almost the whole length of the grain; grains broadly elliptical to 
almost circular in equatorial contour; nexine smooth; sexine with 


closely spaced clavate projections usually fusing at the tips. 


SIZE RANGE: Length 25 (27) 29 microns; width 17 (18) 20 


microns. Number of specimens measured, 8. 
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PREVIOUS RECORDS: Barremian to Aptian of England (Couper 
1958, Hughes 1958); Barremian to Albian of Maryland (Brenner 1963); 


Lower Cretaceous of the Lower Colorado Group of Alberta (Norris 1967). 


LOCALITY OF FIGURED SPECIMEN: Pl. IX, Figs. 37,38: A/17/1 


11/112.5 Alwinsal well; depth 1338-1343 feet. 


Clavatipollenites minutus Brenner 1963 


Plate IX, Figure 35. 


1963" Clavatipollenites minutus Brenner, p. 95, pl. 41, figs. 3,9. 


DESCRIPTION: Monocolpate pollen; furrow extending whole length 
of grain; equatorial outline broadly elliptical to circular; exine 


two layered; nexine structureless; sexine retipilate. 


SIZE RANGE: Length 15 (17) 19 microns; width 9 ¢13) 14 microns. 


Number of specimens measured, 12. 


PREVIOUS RECORDS: Barremian to Albian of Maryland (Brenner 


1963) ; Lower Cretaceous Joli Fou Formation of Alberta (Norris 1967). 


LOCALITY OF FIGURED SPECIMEN: Pl. IX, Fig. 35: $/30/2 


12.5/110.5 Southwest Potash well; depth 1117-1123 feet. 


Genus RETITETRADITES Pierce 1961 


TYPE SPECIES: Retitetradites monocolpatus Pierce 1961. 
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Retitetradites monocolpatus Pierce 1961 


Plate Ix Kicure 52. 
P2Ol ee bet itetradites: monoco!patus Pierce, p. 34, pl. 2, fig. 34. 


DESCRIPTION: Tetrad, four grains arranged in a tetrahedron; 
individual grains monocolpate; spherical, ca. 11 microns in 


diameter; exine reticulate. 


SIZE RANGE: Equatorial diameter 9 (11) 14 microns; overall 
diameter of tetrad 19 (22) 28 microns. Number of specimens measured, 


6. 
PREVIOUS RECORDS: Cenomanian of Minnesota (Pierce 1961). 


LOCALITY OF FIGURED SPECIMEN: Pl. IX, Fig. 52: S/40/3 


20/105 Southwest Potash well; depth 1065-1070 feet. 


Subturma TRIPTYCHES Naumova emend. Potonie 1966 


Genus PSILATRICOLPITES van der Hammen 1956 


TYPE SPECIES: Psilatricolporites inornatus van der Hammen 


1956, pl. 9, fig. 28. 


Genus PSILATRICOLPITES van der Hammen 1956 


TYPE SPECIES: Psilatricolpites incomptus van der Hammen 1956. 


Psilatricolpites psilatus Pierce 1961 


Plate IX, Figures 39742. 
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1961 Psilatricolpites psilatus Pierce, p. 49,,pl. II1,.fies. 98,99. 


DESCRIPTION: Tricolpate pollen grain; colpi elongate, 


furrow margins ragged; thick, psilate, exine. 


SIZE RANGE: Maximum diameter ca. 14 microns. Number of 


specimens measured, 2. 
PREVIOUS RECORDS: ?Cenomanian of Minnesota (Pierce 1961). 


LOCALITY OF FIGURED SPECIMENS: Pl. IX, Figs. 39,40: $/23/2 
10/100 Southwest Potash well; depth 1155-1160 feet. Pl. IX, 
figs. 41,42: S$/36/1 6/108.5 Southwest Potash well; depth 1085-1090 


feet. 


Genus TRICOLPITES Cookson ex Couper emend. Potonié 1966 
TYPE SPECIES: Tricolpites reticulatus Cookson 1947. 


REMARKS: Srivastava (1968) has explained why Retitricolpites 
is not available for fossil pollen and why it is invalid. He and 


Potonié (1966) reject the genus and Srivastava considers it a 


junior synonym of Tricolpites. 


Tricolpites georgensis (Brenner) n. comb. 


Plate IX, Figure 43. 


1963 Retitricolpites georgensis Brenner, p. 91, pl. 38, figs. 6,7. 
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DESCRIPTION: Tricolpate pollen grains; shape subprolate to 
prolate; colpi extending almost to poles; exine composed of 
closely spaced pila forming a reticulum; pila ca. 1 micron high, 


lomine ca. 1,5<-2 microns across. 


SIZE RANGE: Equatorial diameter 17 (21) 26 microns. Number 


of specimens measured, 6. 


PREVIOUS RECORDS: Albian of Maryland (Brenner 1963) and Joli 
Fou, Viking and upper shale units of the lower part of the Colorado 


Group (Norris 1967). 


LOCALITY OF FIGURED SPECIMEN: Pl. IX, Fig. 43: $/31/3 


12/109 Southwest Potash well; depth 1110-1117 feet. 


Tricolpites paraneus (Norris) n. comb. 


Plate IX, Figure 45. 


1967 Retitricolpites paraneus Norris, p. 109, pl. 18, Fioesepd>-20. 


DESCRIPTION: Tricolpate pollen; subprolate to perprolate; colpi 
narrow, parallel sided; striate and reticulate pattern; striae 
closely spaced, in parallel sets, curvilinear or rectilinear, 
different sets often converging; ornament over entire surface 


including colpi. 


SIZE RANGE: Equatorial diameter 11 (13) 14 microns. Polar 


diameter 17 (20) 22 microns. Number of specimens measured, 3. 
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PREVIOUS RECORDS: Joli Fou, Viking and upper shale units of 
the Lower Cretaceous lower part of the Colorado Group of Alberta 


(Norris 1967). 


LOCALITY OF FIGURED SPECIMENS: Pl. IX, Fig. 45: S/37/2 


7.5/95 Southwest Potash well; depth 1080-1085 feet. 


Tricolpites prosimilis (Norris) n. comb. 


Plate IX, Figures 46-48. 
IG teicolpites prosimilis Norris, ps 108, pl." 16, figs. 1-4. 


DESCRIPTION: Tricolpate pollen; equatorial outline oval; 


colpi almost reaching the poles; reticulate exine; muri 0.5 microns. 


REMARKS: Distinguished from Tricolpites vulgaris (Pierce) 
Srivastava 1968 by its smaller size, more prolate shape and 


equatorial ornament which is reduced on the apocolpi. 


SIZE RANGE: Equatorial diameter 11 (13) 14 microns; polar 


diameter 15 (17) 19 microns. Number of specimens measured, 7. 


PREVIOUS RECORDS: Joli Fou, Viking and upper shale units of 


the lower part of the Colorado Group (Norris 1967). 


LOCALITY OF FIGURED SPECIMENS: Pl. IX, Fig. 48: S/44/1 
10/102 Southwest Potash well; depth 1035-1040 feet. Pl. IX, Fig.46: 
S/44/3 9/103 Southwest Potash well; depth 1035-1040 feet. Pl. IX, 


Fig. 47: $/44/3 17/99 Southwest Potash well; depth 1035-1040 feet. 
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Tricolpites sagax Norris 1967 


Plate IX, Figure 49. 


WoOfeebeicolpi tesasacaxe,Nortiss pu 10/, pl. 17, figs. 12-19, 


DESCRIPTION: Tricolpate pollen; oblate to subprolate; 
equatorial outline circular to fossaperturate; colpi long, simple; 
sexinal elements indistinct forming a subgranular to reticulate 


pattern. 


SIZE RANGE: Equatorial diameter 13 (17) 22 microns; polar 


diameter 14 to 22 microns. Number of specimens measured, 6. 


PREVIOUS RECORDS: Joli Fou, Viking and upper shale units of 
the Lower Cretaceous lower part of the Colorado Group of Alberta 


(Norris 1967). 


LOCALITY OF FIGURED SPECIMEN: Pl. IX, Fig. 49: S/45/2 


15.5/97.5 Southwest Potash well; depth 1035-1040 feet. 


Tricolpites vulgaris (Pierce) Srivastava 1968 


Plate IX, Figure 44. 


For synonymy see Srivastava (1968, p. 151). 


DESCRIPTION: Tricolpate pollen; spheroidal to subprolate; 
equatorial outline circular; colpi long, unornamented; exine non- 
tegillate, uniformly reticulate; lumina Ctareticulum O.2 0-000) 


microns in diameter; exine 0.5 to 1 microns thick. 
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SIZE RANGE: Equatorial diameter 19 (22) 28 microns; polar 


diameter 15 to 29 microns. Number of specimens measured, 20. 


PREVIOUS RECORDS: ?Cenomanian of Minnesota (Pierce 1961); 
Albian of Maryland (Brenner 1963); lower part of the Colorado Group 


(Albian? to Cenomanian) of Alberta (Norris 1967). 


LOCALITY OF FIGURED SPECIMEN: Pl. IX, Fig. 44: $/22/3 


12/110 Southwest Potash well; depth 1160-1165 feet. 


Turma POROSES Naumova emend. Potonié 1966 
Subturma MONOPORINES Naumova emend. Potonié 1966 


Genus CLASSOPOLLIS Pflug emend.Couper 1958 


TYPE SPECIES: Classopollis torosus (Reissinger) Balme 1957 


(=Pollenites torosus Reissinger 1950). 


Classopollis torosus (Reissinger) Couper 1958 


Plate IX; Figure, 50- 


For synonymy see Norris (1967, p. 110). 


DESCRIPTION: Monoporate pollen; grains originally 
spherical but frequently distorted so equatorial contour is sub- 
circular or suboval; exine subgranulate to pitted; annular equatorial 
thickening composed of thin bands about 1 micron wide forming a 


thickened zone about 3-5 microns wide. 
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SIZE RANGE: Equatorial diameter 24 (29) 33 microns. Number 


of specimens measured, 14. 


PREVIOUS RECORDS : World wide distribution from Upper Triassic 
to Lower Cretaceous; according to Couper (1964) it occurs last in 
the Cenomanian; lower part of the Lower Cretaceous Colorado Group 


of Alberta (Norris 1967). 


LOCALITY OF FIGURED SPECIMEN: Pl. IX, Fig. 50: A/17/1 


5.5/101.5 Alwinsal well; depth 1338-1343 feet. 


Genus CIRCULINA Maljavkina ex Klaus 1960 


TYPE SPECIES: Circulina meyeriana Klaus 1960. 


Circulina parva Brenner 1963 


Plate IX, Figure 51. 
1963 Circulina parva Brenner, p. 84, pl. 34, figs. Lele 


DESCRIPTION: Monoporate pollen; laesurae form a triangular 
opening on the proximal side; distal pole with a thin circular 
area 3-5 microns wide; a furrow encircles the distal side separating 
an outer ring-like zone 2-4 microns wide from a circular polar area; 


exine smooth. 


SIZE RANGE: Equatorial diameter 13 (19) 23 microns. Number of 


specimens measured, 20. 
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PREVIOUS RECORDS: Recovered by Brenner (1963) from the 
Potomac Group of Maryland (upper Barremian to upper Albian); upper 


Mannville and lower part of the Colorado Group of Alberta (Norris 


Bon) 


LOCALITY OF FIGURED SPECIMEN: Pl. IX, Fig. 51: S/5/1 


18.5/105 Southwest Potash well; depth 1253-1258 feet. 


Sporae Dispersae Incertae Sedis 


Genus SCHIZOSPORIS Cookson and Dettmann 1959 


TYPE SPECIES: Schizosporis reticulatus Cookson and Dettmann 


iVeyr 


Schizosporis Cio, reciculacus Cookson and Dettmann 1959 


Plate IX, Figure 53. 


DESCRIPTION: Spore biconvex, polar outline circular; exine 
coarsely reticulate, with polyhedral lumina 8-12 microns in diameter, 


muri about 1 micron wide. 


REMARKS: The specimens described by Cookson and Dettmann 
(1959) are slightly larger and the reticulum is somewhat finer. 
They also give a size range of 90-135 microns for Australian 


specimens. 


SIZE RANGE: Equatorial diameter 80 (88) 93 microns. Number of 


specimens measured, 3. 
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PREVIOUS RECORDS: Reported in sediments from Lower Cretaceous 
to ?Cenomanian in western Canada (Pocock 1962, Singh 1964) and 
Australia (Cookson and Dettmann 1959); recovered in Aptian to 
Albian sediments in Maryland (Brenner 1963) and from the Cenomanian 
of Oklahoma (Hedlund 1966); Norris (1963) reported it from 
Berriasian strata of England and Norris (1967) found it restricted 
to the Viking Formation in the Lower Cretaceous lower part of the 


Colorado Group of Alberta. 


LOCALITY OF FIGURED SPECIMEN: Pl. IX, Fig. 53: S/17/2 


11.5/100.5 Southwest Potash well; depth 1191-1196 feet. 
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APPENDIX I 


SAMPLE LOCATION, PREPARATION AND STUDY TECHNIQUES 


Samples used for microfloral studies were selected from 
cored intervals in two drill-holes in central and east-central 
Saskatechewan. The sample interval extended from the top of the 
Swan River Group to the base of the Fish Scale Zone, thus 
covering the lower part of the Ashville Formation. Samples were 
taken throughout approximately 5 foot intervals through the 
sample interval in each well. Next, the samples were mechanically 
crushed and placed in Be renene bags. A total of 63 samples were 


studied. 


DRILL-HOLE LOCATION, THICKNESS OF THE SAMPLED INTERVAL AND 


oa S tes ee _ Se ee 


NUMBER OF SAMPLES FROM EACH DRILL-HOLE 


Well: Alwinsal Sarcee 4-28 
Bocet ion: Lsd. 4, Sec.°285" Ip. 33; °R7"235°W. e2ndi Mer 
ReBeeel771.3°* 


Thickness from the top of the Swan River Group to the base of the 
Fish Scale Zone = 110' (1440' to’ 1330"). 


Number of Samples: 18 

Well: Southwest Potash Bredenbury 11-36 

hocaciow: Ls: LL. Sec.) 36. Tocca Re bo WomeetiCe let. 
Kybe 1/60.8: 


Thickness from the top of the Swan River Group to the base of the 
Fish Scale Zone = 245' (1275' to 1030'). 


Number of Samples: 45 
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Sample Preparation 


The preparation technique employed was basically that outlined 
by Funkhouser and Evitt (1959), and the filtration system of Neves 
(1963). Modifications were also made for the particular lithology 
and organic content of each sample dealt with. Superfluous inorganic 
and organic debris did not pose problems in most samples so it was 
felt a heavy liquid separation technique was not warranted. After each 
chemical treatment the sample was washed either by filtering it 
through sutured glass filter funnels or by short centrifuging and 
retaining only the heavy residue. 

From the crushed sample five pea-sized amounts of material 
were selected. These were washed with distilled water and placed in 
250 cc polythene containers. 

Chemical Maceration 

As many of the samples were at least slightly calcareous 
each was treated with 38% (maximum) hydrochloric acid for 12 hours; 
then diluted twice with distilled water. To digest silicate material 
the samples were then digested in 48% (maximum) hydrofluoric acid 
for 48 hours, then diluted about 6 times with distilled water until 
neutral. The amount of acid used in both the case of hydrochloric and 
hydrofluoric was a volume sufficient to just cover the sample. More 
acid was added periodically if thought necessary for complete 
digestion. At this point a small portion of the sample was transferred 
from the polythene containers to 150 ml - 60 M sutured filter funnels. 
The remainder of the sample was stored in small glass bottles fitted 


with plastic caps. 
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While in the funnels the samples were rinsed with distilled 

water and then oxidized with 2% potassium hydroxide solution in 
order to digest superfluous organic material. Samples were treated 
until the solution began to turn brown (up to 10-20 minutes). Small 
amounts of sample were pipetted at intervals and examined under the 
microscope to determine if oxidation had been sufficient and also 
to ensure the microflora were not being dissolved or damaged. 
For some samples this treatment was not adequate; these samples 
were further oxidized with fresh Schulze's solution for periods 
up to 15 minutes or until the solution began to turn brown. The 
sample was then neutralized by adding potassium hydroxide and 


distilled water. 


Staining 

Samples were stained with 0.5% Safranin O until the micro- 
flora appeared pink. Excess stain was washed through the sutured 
glass filter funnels or, if necessary, by short centrifuging. 
The concentrated sample residue was then transferred to small glass 


bottles fitted with plastic caps for temporary storage. 


Slide Preparation 


Slides were prepared with a portion of the concentrated 
residue. In a small glass vial, 35 x 12 mm, were placed 3 drops of 
Elvanol, 3 drops of distilled water and 3 to 5 drops of concentrated 
sample residue depending on the concentration of microflora in it. 
This mixture was thoroughly mixed and then spread on cover slips 
using a pipette. When dry each cover slip was placed on a small hot 


plate along with a clean microscope slide and warmed. The warm cover 
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slip was then covered with a layer of Canada Balsam and carefully 
lowered onto the warmed slide. A small spatula was used to force 
out air bubbles trapped under the cover slip. The slide was removed 
from the hot plate, labelled and let dry. Excess Canada Balsam was 
removed with a sharp knife and xylene. Three slides were prepared 


of each sample. 


Examination of Microscope Slides 


Each of the three slides was scanned lengthwise at intervals 
of 1 mm, under low power magnification (x125). All identifiable 
pollen, spores and microplankton were recorded. For scanning and 
identification a Leitz Laborlux microscope (Serial Number 657084), 
located in the micropaleontology laboratory at the University of 
Alberta, was used: all mechanical stage readings cited herin refer 


to this microscope. 


Photomicrographs 


Photomicrographs were taken with a Leitz Orthomat (Serial 
Number 594208) microscope fitted with a 35 mm camera. Specimens 
were photographed using the (100x) objective lens and oil immersion 
when possible. For larger specimens the x40 objective lens was used, 
Adox KB 14 35 mm film was used. For thick or darkly stained 
specimens Polycontrast F red filters were employed as well as an 
ASA reading of 12 instead of the normal 25 ASA for this film. 
Photographs were printed on Kodak Polycontrese F paper. 


All figured specimens are magnified at x500 or x1000. 


ous 
























“i(ulavno bi em@led shane) to royal  ditw boxwvos some enw qile 
002 of baay saw sfudece Stone A ,obile Goareew odd ode bavavel 
svonay7 asw obiia awl .qiia aevoo sid vebaw baqqatd esidded ainda 
{ sbermmQ seosx .yth tof ban bollodal ,etal@ sof ada mor 

és asq syoy aoblla sexil .onolyx bas elle qeede 2 ditw aves ~ | 


olqman doa 26 


apbhl2 sangngsosy 30 Nokia nhgea ea 
168 outwitgssl Sampson aaw sabkia sauia 689 Fo dost +i 

ide litinoh .(ESie) nobieohiingam aswoq wol ushey om t 6 7 
fifitts2a so% .bsbyooss stew sudinalqotoim bas aszoqs ,faliog 


PBONGG ta det kso8) aqeosorsla sulyodeT stiad » nobinol?}saebt 
® “ifasevicl od 36 yvotatodal ygolotnoelaqetotm od? Ab bedasal 
uivo Getto apatbsst sgeta Inukantoom Ila shea aaw ,edeedie 


-aqosao%ola aidd of 
; 1 


afi ors imotody 
lptsen) Inmotliq siket s diiw nested szow aria tgo7o Latojody 


SnomkIegh .&tomeo' om Ces idiw bedst3 sqoosotobe (BOSAC2 zedeunt 


ft 


eotazammt fia bye dual svisesido (e001) a3 guten hasiqatgojedq atew 
eeu apw anol svizoo(do Odx aft avemtoage yeesel YOt -sidiavog oode 


benteta yiteb ro votds iol .boew any etd am 260 bf Ot oxcba 


th ae Ifew a6 Boyolqms orow 2793143 hort ilanpseplasa <" 

a RANE 19088 Arron 2g 

ak. dane 
aaa 

rs eae 










207 


Locality of Specimens and Repository 


Each sample was assigned a letter and sample number. 
Samples from Alwinsal Sarcee 4-28 drill-hole were assigned the 
letter "A' followed by a number (1 to 18); samples from Southwest 
Potash Bredenbury were assigned the letter "S" followed by a sample 
number (1 to 45). This was followed by the slide number of each 
sample, usually 1 to 3 and finally the microscope coordinates were 


stated (horozontal/vertical). 


Example: A/17/1 9/120 

The letter A indicates the sample is from the Alwinsal 
Sarcee 4-28 Peamenolee te is sample number 17 microscope slide 
number 1. The horizontal microscope stage coordinate is 9 and the 
vertical coordinate is 120. 
All slides are deposited in the palynological collection of the 


Department of Geology, University of Alberta. 
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APPENDIX ITI 


LITHOLOGIC SUMMARY 


Well: Alwinsal Sarcee 4-28 

Company: Alwinsal Sarcee of Canada Ltd. 
Moeationwsisd. 14, Sec. 26, Toy Zoe Raoo, We cod Mer, 
cabs GW ARaSE 


Interval Sampled: 1330' to 1440' from base of the Fish Scale Zone 
to the top of the Swan River Group. 


Sample Number Core Interval Description 
(in feet) 
A/18 1333-1338 Shale-grey, silty, slightly 


calcareous, trace of glauconite 
and pyrite. 


A/17 1338-1343 Shale-grey to dark grey with 
traces of pyrite. 
1343-1348 No sample. 
A/16 1348-1353 Shale-grey, silty to very fine 


quartz rich sandstone micro- 
lenses, partly fissile. 


A/15 1353-1358 Shale-erey, slightly silty to 
very fine slightly calcareous 
glauconitic sandstone, fissile. 


A/14 1358-1363 Shale-grey, with a few light 
grey silty slightly calcareous 
laminations, trace of pyrite. 


A/13 1363-1368 Shale-grey with light grey 
silty to very fine quartz rich 
sandstone lenses, trace of 
Dy bite. 


A/12 1368-1373 Shale-grey, with a few slightly 
calcareous silty laminations, 
trace ot pyrite. 
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A/11 


A/10 


A/9 


A/8 


A/7 


A/6 


A/5 


A/4 


A/3 


AZ 


A/1 


1373-1378 


1378-1383 


1383-2385 


1388-1393 


1393-1398 


1398-1403 


1403-1408 


1408-1413 


1413-1419 


1419-1425 


1425-1431 


1431-1437 


1437-1442 
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Shale-grey, silty to very 
fine slightly calcareous 
glauconitic quartz rich 
sandstone. 


Shale-grey, trace of pyrite. 


Shale-dark grey with light 
erey silty laminations, trace 
of pyrite. 


Shale-dark grey, trace of 
pyrite. 


Shale-grey with a trace of 
very fine grey glauconitic 
sandstone and siltstone, 
slightly calcareous with micro 
laminations, trace of pyrite. 


Shale-grey, slightly silty to 
slightly calcareous quartz 
rich siltstone laminations. 


Shale-grey to dark grey, 
silty to very fine slightly 
calcareous glauconitic sand- 
stone micro-lenses. 


Shale-grey, with a few light 
grey silty slightly glauconitic 
laminations, trace of pyrite. 


No sample. 

Shale-grey to dark grey, silty, 
slightly calcareous, glauconitic 
micro lenses. 

No sample. 

Shale-dark grey with a few 
laminations of silty very fine 


calcareous light grey sandstone. 


Shale-dark grey, fissile, trace 
Of, pyaates 
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Well: SWP Bredenbury 11-36 


Company: Southwest Potash Corporation 


mocation. Lsds ll, Sec. 36;7To. 22. R: Ll. W.. 2nd Mer. 


Keo 1 /60.6" 


Interval Samples: 


1030' 


to 1275) 


to the top of the Swan River Group. 


Sample Number 


S/45 


S/44 


$/43 


By a2 


S/41 


s/40 


S/39 


S/38 


S37 


S/36 


Core Interval 


(in feet) 


1030-1035 


1035-1040 


1040-1045 


1045-1050 


1050-1055 


1055-1060 


1060-1065 


1065-1070 


LO70-=1075 


1075-1080 


1080-1085 


1085/1090 


Shale - grey to dark grey, 
slightly calcareous, trace 


of pyrite. 


No sample. 
Shale - grey and siltstone to 
very fine, light grey, quartz 
rich sandstone. 


No sample. 


Shale - dark grey, silty, 


Description 


Shale - grey, very slightly 
calcareous, trace of pyrite. 


Shale - grey to dark grey, 
silty to very fine sandstone 
laminations, slightly cal- 
careous, trace of pyrite. 


slightly calcareous. 


Shale - dark grey. 


Shale - dark grey, trace of 
pyrite. 


Shale - grey to dark grey. 


Shale - grey to dark grey brown, 
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from the base of the Fish Scale Zone 


trace of pyrite along laminations. 


Shale - grey, some silty 


laminations, slightly calcareous, 
trace of pyrite. 
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S725 


S/34 


S38 


aa 


S/ol 


S$/30 


§/29 


S/28 


$/27 


57/20 


3/25 


S/24 


S/23 


Sh22 


ey valk 


1090-1095 


1095-1100 


1100-1105 


1105-1110 


1110-1117 


PLY a1 123 


1123-1129 


1129-1134 


1134-1139 


1139-1144 


1144-1149 


1149-1150 


1150-1155 


1155-1160 


1160-1165 


1165-1170 


ZAV 


Shale - grey, slightly cal- 
careous, pyrite. 


Shale - dark grey to erey 
brown, slightly calcareous. » 


Shale - dark grey to dark erey 
brown, slightly calcareous, 
Eracerora pyrite: 


Shale - dark grey. 


Shale - dark grey, slightly 
calcareous, 


Shale - dark grey brown-grey, 
silty to very fine quartz-rich 
sandy laminations. 


Shale - grey, silty and very 
fine grey quartz rich sandstone, 
glauconite, trace of pyrite. 


Shale - grey to grey brown, 

and siltstone to very fine quartz 
rich, slightly calcareous, 
glauconitic sandstone. 


Shale - grey and light grey 
bentonite. 


Shale - grey, slightly cal- 
careous, trace of pyrite. 


Shale - grey with a few laminations 
of quartz rich, slightly calcareous 
siltstone to very fine sandstone, 
trace of pyrite. 


Shale - grey to grey brown, silty, 
tracesol pyniter 


No sample. 


shale - dark grey, slightly siity 
and slightly calcareous. 


Shale - grey to dark grey brown, 
slightly silty and slightly 


calcareous, trace of pyrite. 


Shale - dark grey. 
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S/20 


s/19 


a/1é 


yey) 


S/16 


S715 


S/14 


Sy) abs 


S/12 


a/ LL 


S/10 


5/9 


S/8 


1170-1175 


1175-1181 


1181-1186 


1186-1191 


11o T= Tio 


1196-1198 


1198-1203 


1203-1208 


1208-1213 


P213-1220 


1220-1225 


1225-1230 


1230-1235 


1235-1240 
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male - erey, slightly siity, 
slightly calcareous. 


No sample. 


Shale - grey, and sandstone - 
grey, very fine quartzose, 
calcareous, trace of pyrite. 


Shale - grey, silty, slightly 
calcareous. 


Shale - dark grey with a few 
irregular micro-lenses of 
siltstone, 


Shale - grey, laminated, 
slightly calcareous. 


Shale - grey to dark grey, trace 
of pyrite, with irregular micro- 
lenses of quartz-rich glauconitic 
siltstone. 


Shale - grey, trace of pyrite with 
irregular laminations or micro- 
lenses of light grey silt to 

very fine sandstone. 


Shale - grey with light grey 
slightly calcareous silty 
laminations, trace of pyrite. 


Shale - grey with grey silty 
slightly calcareous laminations, 
trace pyrite. 


Shale - grey. 


Shale - grey, with irregular 
micro-lenses of slightly cal- 
careous siltstone, trace of 
pyrite. 


Shale - grey with silty 
laminations and micro-lenses. 


Shale - grey to dark grey, with 
laminations of light grey 
glauconitic siltstone to very 
fine sandstone, trace of pyrite. 


25s 


waite viddetla vseg = aad’ 
Sos TRStHs Yhadg i) « 


of ona. off 
ojetrnee baer ,vaetp sigue 
<eaoetszeup aril vrov .¥arR 


Pe Ys rayvg 2 S2872S ,svoo Ts oleo 


te Pn > b> : . 
SAL 5 Aha. , VOTE S41 BiG 


mir bl) Be a7 - Tz Si sg 
-dunatasien visdetiiea 
) . (Fw asad o ‘) ; 

i ire a } eu a 

£ ¥ { J Snrgt 
Lac j 

ot * 

J j a) so! » % J aa i¢ 

) BAO josh: i ws 

a 4 é ro) ly : ) ) 

Ht Tine HV 
i its 7. 7 a) ait 4 

ett ba Tae) } nigiia 

Hime TH ani ! ine toe lt 
Sita ¥Yorp dikw vou sfede 

eat IRN ise gHooetnolts vistrgtia 


wdAilupetiit, jiu .vorm - slede 
~fgo Yeatfgtie Iq, eoannl-oro km 
20 S0h37 ,anosesila auostas 
-OILt¥y 


daw vaag > elada 
bmw anottaatmel 


: vi hee 



















UT -08ls os\e 


+? 


[eLiatxrs 


yerr-L0r} ei\e 


reyr-aess | at\s 


aest-Leit {i\8 


307 r-SOr! al\ée 


OS 


“3 
i 
-~ 

~—, 
) 
~~ 
— 
Fa) 


eSsi-ooss rye 


GESI-#SE1 oie’ 





‘CELL -OE ST 


ot ae 
= @ i > - 
oe ere sal 


i 


215 


S/7 1240-1245 Shale - grey with light grey 
glauconitic silty to very fine 
sandstone micro-lenses. 


1245-1250 No sample. 


S/6 1249-1253 Shale - grey with slightly 
calcareous very fine quartz rich 
sand laminations. 


LD 1253-1258 Shale - grey, trace of pyrite, 
with a few silty to very fine 
glauconitic sandstone laminations. 


S/4 1258-1263 Shale - grey, slightly calcareous, 
Slichtlyesiicy., beace of pyrite: 


5/3 1263-1268 Shale - grey to dark grey with 
micro-lenses of glauconitic cal- 
careous grey siltstone to very 
fine sandstone. 


SY: 1268-1273 Shale - grey to dark grey, trace 
of pyrite with a trace of glauconitic 
grey siltstone. 


1273-1278 No sample. 


sy 1278-1283 Shale - grey to dark grey, trace 
of pyrite. 
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PLATE I 


(All figures are illustrated at a magnification of 


x500 unless otherwise stated) 


Leptodinium cf. L. eumor phum(Cookson and Eisenack) 


Eisenack 1961; ventral VieEW.... eee eeee secre ecccees 


Cribroperidinium Cie Ge orthoceras Eisenack emend. 
Sarjeant 1966; fig. 2 lateral view; 1a Hae 


ventral view showing archeopyle.......... Seb aie tasreeeeenors 


Gonyaulacysta whitei Sarjeant 1966; dorsal view..... 


Cribroperidinium cf. C. muderongensis (Cookson and 
Eisenack) Sarjeant 1966; fig. 4 ventral view 


showing archeopyle and membranes; fig. 11 ventral 


view showing archeopyle and ornamentation.......-.+- 


Cribroperidinium intricatum Davey 19693 filg.05 
ventral view showing archeopyle, note 
longitudinal furrow; fig. 6 lateral view; 

fig. 8 lateral view showing archeopyle and 


membraneous ornamentation. ......eeeeeeeeeecrerrercecs 


Pareodinia sp. A; lateral VieW.......+eseeeereeecens 


Leptodinium delicatum(Davey) Sarjeant 1969; 
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PLATE II 


(All figures are illustrated at a magnification of 
x500 unless otherwise stated) 


2Cribroperidinium sp. A; fig. 1 lateral view 


showing archeopyle; fig. 7 lateral view............. (Ds 


Canningia colliveri Cookson and Eisenack 1960; 
lateral view showing angular outline of 


AL CHEOPY L@. cs «ace 0 ec¢ 0 einai wae scroll ieuels wie weclsicler ioe ietees (p. 


Broomea jaegeri Alberti 1961; fig. 3 ventral 
view, note angular plate outline; fig. 4 dorsal 


?ribroperidinium sp. B; fig. 5 dorsal view; 
fig. 8 dorsal VieW. .....ccceesscseeccesvereescscsoss (p 


Spinidinium microceratium Stanley 1962; ventral 


view showing intercalary archeopyle.......-+eeeeeeees (p. 


Apteodinium granulatum Eisenack 1958b; fig. 9 
ventral view showing precingular archeopyle and 
granular ornamentation; fig. 15 dorsal view, 


note spiralling cingulum. 502... j0-i- sii ote (p. 


Trichodinium cf. T. hirsutum Cookson 1965; 
fig. 10 ventral view; fig. 11 dorsal view; 
fig. 14 ventral view showing large antapical 


DIOSTESS. 0.0 cwisns v0 owes esas 0 cle @ein) sin cies 0 «+ s ele ine cies ety AN 


Canningia Cli Ge reticulata Cookson and Eisenack 
1960; lateral view showing angular outline of 


ADCHEOPY LE. . « .ss.0 00s sles elec eisiels ele je le ofel= aiernieintn tegenstains x (p. 


Tenua sp. A; lateral view showing angular outline 
of archeopyle, note vertical slits around edge 


indicating plate areas... ...cssccveccccerssescccccves (p. 


Fromea amphora Cookson and Eisenack 1958; lateral 


view showing apical archeopyle........2.sseseccceces (p. 


? Fromea sp. A; lateral view showing apical 


archeopyle and characteristic folds............. Pa eg DR 
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13 


14,15 
16,18 


17 


19,22 


20,21 


PLATE Ett 


(All figures are illustrated at a magnification of 
x500 unless otherwise stated) 


Hystrichosphaeridium salpingophorum Deflandre 1935; 
fig. 1 antapical view; fig. 2 lateral view showing 


apical archeopy. le... . . 0s « + wiscrsiee mie wre migelein iets neers (p 


Hystrichosphaeridium stellatum Maier 1959; fig. 3 
lateral view showing larger fenestrate antapical 


process; fig. 4 lateral viewW.....+2-ssesseecreerccees Cp. 


2? Cleistosphaeridium aciculare Davey 1969; lateral 
view showing small apical archeopyle...... Date ete = meat (p 


Cleistosphaeridium sp. A; fig. 6 lateral view 
showing apical archeopyle; fig. 7 showing apical 


AL CHEOPY LO. +-«ie « alee aie 0 # ree) elelegeielelsie toile seam seteenehedcmodsis (Gai 


Cleistosphaeridium sp. B; 8 lateral view 
showing apical archeopyle; fig. 12 lateral view 


of complete specimen with apical DOLTLON cee nye trices ane (p. 


Cleistosphaeridium polypes (Cookson and Eisenack) 
Davey 1969; antapical VieW......-eeeeeeereeerereeees (p 


Cordosphaeridium cf. C. inodes (Klump) Davey 

and Williams 1966; fig. 10 lateral view showing 

large rounded triangular archeopyle, fig. 11 

lateral view........eeeeees stokes ote whe ore cole neous eieacke averse ate (p 


Cordosphaeridium cf. C.multispinosum Davey and 
Williams 1966; lateral view showing rounded 


apical archeopy Le... «se ewes ebm elelaicie rie =istnmnerern nas eee (ps 


Coronifera cf. C. oceanica Cookson and Eisenack 


1958; fig. 14 lateral view; fig. 15 lateral view.... (p. 


Litosphaeridium sp. A; fig. 16 antapical view; fig. 


[6¥artapical View... 0c: 6. see etc ewe em nl sein euee (pe 


Litosphaeridium siphoniphorum Cookson and Eisenack 
emend. Davey and Williams 1966; lateral view 


showing thick reticulate body wall.......++s+eseeees ha GE 


Oligosphaeridium albertense (Pocock) Davey and 
Williams 1966; fig. 19 antapical view, fig. 22 


lateral view showing archeopyle.......seceeeeeeecees (p- 


Hystrichokolpoma unispinum Williams and Davey 1966; 
fig. 20 apical view, note granular nature of 


processes; fig. 21 lateral VieW......e-eeeeeeees aeeaey | AG 
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PLATE IV 


CALL figures are illustrated at a magnification of 
x500 unless otherwise stated) 


Oligosphaeridium anthophorum Cookson and Eisenack 

1958; fig. 1 lateral view showing apical 

archeopyle and fenestrate processes ; C1 eee 

oblique view showing archeopyle and fenestrate 

PLOCESSES«.5 sic + slew nw oe eve. a Weave cbetare cenele ete geltee ttats iseets (p.89) 


Oligosphaeridium complex (White) Davey and 
Williams 1966; fig. 2 lateral view showing 


angular apical archeopyle; figs. 45,6 Lateral 


Oligosphaeridium pulcherrimum Deflandre and 
Cookson 1966; fig. 7 lateral view; fig. 8 


Tareral Views ss «sles spike es aieusieie cole ois oe > overs nipiel creer usnaiate (0.91) 


Oligosphaeridium reticulatum Davey and Williams 

1966; figs. 9-11 lateral views showing angular 

opening of apical archeopyle and reticulate 

nature of body wall; fig. 14 oblique view....... Pe AGC) 


Prolixosphaeridium sp. A; lateral view showing 
elongate body, apical archeopyle and closed 
PLOCESSES s «sso eieis ieletelele snes) cane wieus a weeteteuesonaunhol selene keane (p.94) 


Polysphaeridium sp. A; lateral view showing 
angular apical archeopyle granular elongate 
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PLATE V 


(All figures are illustrated at a magnification of 
x500 unless otherwise stated) 


Tanyosphaeridium variecalamum Davey and 

Willdamsi1966; fies. 1,2 lateral views 

showing elongate body with apical archeopyles; 

fig. 5 lateral view of complete specimen............ (p.96) 


Tanyosphaeridium sp. A; fig. 3 lateral view 

showing elongate granular body with apical 

archeopyle, note the wider less numerous 

PLOCESSES « os ae ac ss so se ileeieie ei os obs = eretetmele te statement (p.97) 


Cyclonephelium distinctum Deflandre and Cookson 
1955; figs. 4,6 lateral views showing archeopyle 
and restricted nature of ornamentation...........e.-.- (p.98) 


Systematophora schindewolfi (Alberti) Neale and 
Sarjeant 1960; lateral view showing fine 
fenestrate ProceSSeS. ...u¢c6s se sua vice wiwislcieiein <lolelsale (p.95) 


Cyclonephelium eisenacki Davey 1969; fig. 8 

lateral view of a complete specimen and 

ornamentation restricted to the sides of 

the body; fig. 9 lateral view of complete 

specimen with less restriction of processes; 

figs. 11 and 13 complete specimens with 

operculum in different stages of removal............ (p.99) 


Cyclonephelium sp. A; lateral view showing 
zig-zag archeopyle edge and membraneous 


PLOCESSES . 0s 5 o.0.eceele Sle slecsolers race) toetele one oie eee Eeuenearene ri (p.100) 
Dinopterygium cladoides Deflandre 1935; apical 

NEI Pe ee ne) Ken de Ooh ondew ooo Sobor (p.108) 
Deflandre: pirnaensis Alberti 1959; lateral 

V1LEw eoceoeeoreeveveweeeoweseewewwee wee wo we oem ee wee eel eel 8 eeovseeevee ee (p.10) 
Deflandreacf. D. pirnaensis Alberti 1959; 

lateral view with break in position of 

intercalacy accneGpy Le... ti. cee enes nee PSE nea aCe Sees Cp hl) 
Deflandreicf. D. cincta Cookson and Eisenack 1958; 
lateralaviewrous.c PRP Ree ba Poets ok (p.109) 


Cyclonephelium sp. B; lateral view showing 
laterally restricted ornamentation and 
apical ornamentat lone. cele. o -eereers 


PLATE V. 
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PLATE VI 
(All figures are illustrated at a magnification of 


x500 unless otherwise stated) 


Hystrichosphaera cingulata var. reticulata Davey 
and Williams 1966; figs. 1-3 lateral views 


Showinewarcheopy lens. . s+. aie fae aie eee Ee eee (p.101) 


Hystrichosphaera ramosa (Ehrenberg) var. 
ramosa Davey and Williams 1966; fig. 4 and fig. 





lateral views showing: fine processes!) .. . outlet eee Oe) 


Hystrichosphaera ramosa var. gracilis Davey and 


Williams 1966;. figs. (5 sand 6, tateral views eee (p< 03) 


Hystrichosphaera ramosa var. granomembranacea 
Davey and Williams 1966; fig. 7 lateral view; 


fig. 9 lateral view showing granular nature of 


DOdYy Wall wii cv ages eae ee See ee eee eee eee ‘{p.104) 
Hystrichosphaera ramosa var. membranacea (Rossignol) 

Davey ‘and Williams) 1966.) £72. 10 elaterai ay icwe ee 
Hystrichosphaera ramosa var. reticulata Davey 

and Williams 1966; lateral view showing 

precingular ~archeopylewoemses cece ee eee ee eee (p.105) 
Hystrichosphaera ramosa var. indet.; ventral 

view showing two distinct antapical processes....... (p.106) 
Scriniodinium eurypylum Manum and Cookson 1964; 

lateral view showing split in position of 

pPeecingular archeopylerpanit 2. oe Rt eae (p.115) 


Hystrichodinium oligacanthum Deflandre and Cookson 





1955; oblique view showing plates and ornamentation. (p.107) 


Stephodinium coronatum Cookson and Hughes 1964; 


apacaleview showins Lateral lance... s.csen.s eee eek (pe 125) 


Scriniodinium sp. A; ventral view showing 


PERECIN SU LOnSacCNec pil Gs. ./: sce sete ee ee ee ee (p.116) 


Scriniodinium sp. B; ventral view showing pre- 


CAN SU LAMA TCHAD Y Gin s,cis cca ewe ter ei dare ete Te (Geral) 


Scriniodinium campanula Gocht 1959; ventral view 
Showing inner body and small circular opening at 


bottom Lette gsi pe sets Rene eee ee eee ee eye) Keay RUS) 
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Eo 320 


PAN 


Ascodinium verrucosum Cookson and Hughes 1964; 
fig. 19 ventral view showing complete specimen 
and split in position of apical archeopyle; fig. 20 
incomplete specimen showing apical archeopyle 


Scriniodinium cf. S. ceratophorum Cookson and Eisenack 


1960; dorsal view 
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PLATE VII 


(All figures are illustrated at a magnification of 
; x500 unless otherwise stated) 


1-3 Pseudoceratium sp. A; fig. 1 lateral view of 
complete specimen; fig. 2 lateral view of 
Specimen without apical portion showing 
apical archeopyle; fig. 3 lateral view of 


complete Ts pecimen., \.. wc'scrs ee eae eel) alevele taint ae nena ae (p'. 120) 
4 Odontochitina sp. A; laterals views. .c. 03 inti nein Gol Aey, 
Sls) Odontochitina costata Alberti 1967; figs. 5 

andv6%lateral views "x ca. 50a. -- ee eee eee (p22 
Teh Kalyptea monoceras Cookson and Eisenack 1960; 

figs. 7 and 11 lateral views showing thin 

membraneous outer Layer. siiiic « sepctetelenerclotetolecue terete oteietettere (p.124) 
8-10 Chlamydophorella nyei Cookson and Eisenack 1958; 


fig. 8 antapical view; fig. 9 lateral view 
showing apical archeopyle; fig. 10 lateral view 
of complete specimen showing operculum in position.. (p.126) 


es ?Dinogymnium sp. A; lateral view of broken 
SPECIMEN ss basa ayareleueratetoucheletescecetene Gee ete antec terorete cueieeage ne ame (p2i2s) 
13-15 "Paleoperidinium" cretaceum Pocock 1962; 


fig. 13 ventral view; fig. 14 ventral view; 
fie./15 dorsal wrew Of robust Specimen airy. eee (pii2z9) 
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PLATE VIII 


(All figures are illustrated at a magnification of 
x500 unless otherwise stated) 


Cyathidites minor Couper 1953; fig. 1 proximal 
view showing gaping laesurae; fig. 2 proximal 
view with closed laeSurae......sseseerersrererrerers * (p.131) 


Deltoidospora hallii Miner 1935; proximal view 
with laesurae partially gaping....--++ssccesesserces (pels2) 


Deltoidospora psilostoma Rouse 1959; proximal 
view, specimen partially COLTOCEd.). -..1. cede = ore 0010s =i (p.132) 


Undulatisporites undulapolis Brenner 1963; 
figs. 6 and 12 proximal views showing 


“indulatory LAGSUL ACs tte «sere rie wee terete creer iy Creer (p.133) 


Stereisporites antiquasporites (Wilson and Webster) 
Dettmann 1963; figs. 7,8 proximal viewS.......++-+-- (p.135) 


Concavissimisporites granulatus Pocock 1965; 
proximal view showing granulate surface.....e++sse0> (p.136) 


Concavissimisporites punctatus (Delcourt and 
Sprumont) Singh 1964; proximal view......eee+eeeeees (p.137) 


Concavissimisporites verrucosus (Delcourt and 
Sprumont) Couper 1962; proximal view showing 
verrucate ornamentation. ....- see eeresecrerererecrers (p.137) 


Osmundacidites wellmanii Couper 1953; fig. Lg 
proximal view showing more granular ornamentation 
around tetrad mark; fig. 14 distal view; £3 Ok 
DEGRA uaL VICW. 0 s\. es ccm o siete seminip © ere eee mica icoe a kc 


(p 133) 
Baculatisporites cf. B. comaumensis (Cookson) 
Potonié 1956; proximal view showing bacculate 
OY MAMET CALLON ¢ cies 6 0 psots wieleicle merece one eye teie 0 ee eiie Tene rele) 8 oa (p.140) 
Acanthotriletes varispinosus Pocock 1962; 
fig. 17 proximal view; figs. 18,19 and 20 
Lateral VieWS.....ccccccvserccvcccsrcsescces e Gieeetatem (p.141) 
Pilosisporites sp. Norris 196/eeclewese 
distal view; fig. 22 proximal VieW......-+e+eereeees (pa) 


Neoraistrickia truncata (Cookson) Potonié 
1956; proximal VieW....---cercereeseeoece becupoiareareenetets (p.144) 


7 nll 





3 poeit »t Oi be ae pA: i ioe 2.)q08 aan i 

: sy 4 . y - 4 

“Ea! . dpaig a. ae oe Ms ' ihe eee mater Le OS ee ee iJ ' :, 
\ is 


- “i 4 vr i * ; 
| tagvist Hale or ot ie tg mn i © ee a 
(aat “*) i) oo ee oc4et wae Ws I jist : 7h i s} 4 





; e LOS 2 v Loe 1 td J ba i 
. . 4 a) 5 
ee. |............... eke oe 
: : Fro J ; it \a)) 
: (E0F 6) Sao. 37 3? + Ree e- oe P99 8 © 6 OUR Serre Is Se! oe > ' 
; A \ aA Li | 4 jf} 
| | . NA wast 
~s - 
ae yy ) 
ce ee OF ee OP DP eee Pre eeeeoeeere 
: ’ 
i 4 FA 
» ‘ - ‘ 
; é 
7 c di 
ft ' ‘ 
- 2A] vesd eipre eee oe ee 7 ee a fie oh we oe ne foe py , 
mh . 


i BY . ‘ j r) Ty aac } 
) el 4 
omy & it P 
o 90 0 0p Rip ls Metta 4 b HEE DCIIMI RED IuLS © © 6 sq Ase ie © 
5 j 7 


5S 





225 


24 


25 


26 


a7 


28,29 


30 


31-5580 58 


36 


34 


37, 38,41 


39,40 


42 


Lycopodiumsporites marginatus ae 1964; 
proximal VieW........seecsceeeees paige. emleepeNel ol fanelbal al ane eke 


Lycopodiumsporites, reticulumsporites (Rouse) 
Dettmann” 196329 distal (views. 2.0 spo cieete #6 © esieiele onene 


Lycopodiumsporites austroclavatidites (Cookson) 
Potonié 1956; proximal view. ......scesesecascesscens 


Apiculatisporis babsae Brenner 1963; distal view 
SHOWLNG COUML « ccorers scokolece sxouemelenoee!s 9 0 ee 0 in elausueceueleusueleLekeieis 


Tigrisporites scurrandus Norris 1.96 Ick leS.e 20 
and 29 proximal views showing reticulate 
ornamentation and thickened boss at distal 


Taurocusporites segmentatus (Bolkhovitina) 
Stover 1962; proximal view ornamented with 


irregular VETrucae....ceeseceerereeccerersrseeeccecs 


Cicatricosisporites hallei Delcourt and 
Sprumont 1955; figs. 31 and 32 proximal views; 
fig. 33 lateral view; fig. 35,36 lateral views...... 


Reticulisporites sp. Norris 1967; proximal 
view showing reticulate ormamentation..........++++. 


Cicatricosisporites perforatus (Baranov, 
Nemkova and Kondratiev) Singh 1964; fig. 27 


distal view; fig. 38 proximal view; fig. 41 
distal view showing perforate ornamentation......... 


Cicatricosisporites hughesi Dettmann 1963; 
fig. 39 distal view; fig. 40 proximal view.......... 


Cicatricosisporites sp. Singh 1964, proximal 
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PLATE IX 


(All figures are illustrated at a magnification of 
x500 unless otherwise stated) 


Cicatricosisporites sp. Norris 1967; lateral 


view showing corrugate nature of ornamentation...... (p.154) 
Cicatricosisporites sp. A; lateral view...........-. (p.155) 


Appendicisporites sp. A; fie? Si proximal view; 
fie wuadistal view...» seers eter ee nee eee (p.158) 


Appendicisporites unicus (Markova) Singh 1964; 
proximal Views. os-i octets cw clelei-ielerels alnisie + sre reeis = syeletereie (p.158) 


Gleicheniidites senonicus Ross ex Delcourt and 
Sprumont 1964; fig. 6 proximal view; fig. 10 
PrOMimMal VLIW. oss 2s «clas oleic ete pie wise min! ole civiatel wale dis colerele (p.160) 


Appendicisporites tricornitatus Weyland and 
Greifeld 1953; fig. 7 lateral view;fig. 8 
lateral view with corrugate ornamentation........... (p.156) 


Appendicisporites symskiensis Markova 1961; 
Proximal VLeWs apices «sec ns ciete a clatete oole tapate ress eneta frei ounleions (p.156) 


Punctatriletes parvimundus Pierce 1961; 
proximal view showing inter-radial crassitudes 
and punctate ornamentation, .....cescsceecserercccees (p.161) 


Sestrosporites cf. S. pseudoalveolatus (Couper) 
Dettmann’ 1963; proximal! View. 2.0% 2 oo oe wirnlele eho ioe (p.162) 


Coronatispora valdensis (Couper) Dettmann 19635 
Pra LAV LEW. \e csc e shauela | oellete a etnie aleve ele Pats wie ere ieenarenerenars (p.163) 


Gleicheniidites apilobatus Brenner 1963; fig. 14 
distal view; fig. 15 proximal view.............2.ee0- (p.159) 


Inaperturopollenites dubius (Potonié and Venitz) 
Thomson and Pflug 1953; lateral view.........-.-.-- (p2172) 


Contignisporites perplexus (Singh) Norris 1967 ; 
fig. 17 proximal view; fig. 18 distal view........ >« (p.165) 


Camarozonosporites insignis Norris 1967; 
fig. 19 proximal view; fig. 20 distal view; 


fig. 21 proximal view; fig. 26 proximal view; 
fig. 27 distal view of same sSpecimen.........+-+++e- (p.164) 
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22 Cerebropollenites mesozoicus (Couper) Nilsson 
1958; lateral view showing rugulate 
ornament at Lon. sy b okeheleteiateteDt cle eke ile cuuecuate SARS 3 (pe h7 0) 


23,24 Laevigatosporites ovatus Wilson and Webster 
1946; fig. 23 lateral view x1000; fig. 24 
liatena ltivd ewikse5OOes. its. SLUT ters telo fe ofteMematoteNed> ic: + 0612's! (p.168) 


25 Contignisporites sp. cf. C. cooksonii (Balme) 
Dettmannr1963; lateral VieW......-ceccecceccescccces (n.4.65)) 


28 Eucommiidites troedssonii Erdtman 1948; 
proximal view showing ring-like structure.......+.-- ply) 


29 Equisetosporites staplinii Pocock 1965; 
lateral view on medial focus, lateral view 


focused on proximal ribS........+. sees oes pricey ce (px 174) 


ele sik Equisetosporites sp. A; fig. 30 lateral view; 
PUGS L, Lateral, VASW sccj.ctovevescseresecovetnr>inyokojoreiapetelarcveysyolstens (pa a/o) 


32h oo Cycadopites fragilis Singh 1964; fig. 32 
lateral view; fig. 33 lateral view........ssseeeeeee Gaiey. 


34 ? Cirratriradites teter Norris 1967; proximal 


39 Clavatipollenites minutus Brenner 1963; lateral 
Ge LOO, SE, AEE. APE. oes > wie sen so (pedga 


36 Aequitriradites spinulosus (Cookson and Dettmann) 
Cookson and Dettmann 1961; proximal view...........-. (p.169) 


STO Clavatipollenites hughesi Couper 195060 pb eot 
proximal view x500; fig. 38 proximal view x1000..... (p.176) 


39-42 Psilatricolpites psilatus Pierce 19565301 e 
polar view x500; fig. 40 polar view x1000; 
fig. 41 polar view x500; fig. 42 polar view 


43 Tricolpites georgensis (Brenner) n. comb. ; 
DO LAY LEW S1O00s SONY, SASATIT, NAAM toretes-jssarneecetanetseede.- (pak790 


44 Tricolpites vulgaris (Pierce) Srivastava 1968; 
POLALL AV LEWRXLOOO HENRY. flint ALICE. NAAM caiess forsucier- ee AP Ls2) 


45 Tricolpites paraneus (Norris) n. comb. ; 
equatorial view x1000............- AA A ee re (p.180) 


46-48 Tricolpites prosimilis (Norris) n. comb. ; 
fig. 46 equatorial view x1000; fig. 47 polar view 
x1000; fig. 48 equatorial view x1000......-+-+eeeee- (p.181) 
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Tricolpites sagax Norris 1967; polar view 
x1lO00. eovreeeeeevre eee @ eeeerveeveevvee1 eee oe 4 ovee 


Classopollis torosus (Reissinger) Couper 


1958; (polar WLEW mic). sm ext PPR be eek 
Circulina parva Brenner 1963; polar view.. 


Retitetradites monocolpatus Pierce 1961; 
POULAGE = 1 OOO. csi eco se + 01a eel ehepete te) auskagemate ste chenate 


Schizosporis cf. S. reticulatus Cookson 
and Dettmann 1959; polar view showing 
reticulate ornamentation j. Secisiedere © sieietele 02 


Rugubivesiculites reductus Pierce 1961; 
polar view showing convolute ornamentation 
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